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SECTION  1 


EXECUTIVE  SUMMARY 


A.  Introduction 


The  Scope  of  Work  (See  Appendix  A)  called  for  the  study  of  the  economic  feasibility  of  providing  a  cold 
thermal  storage  system  at  the  central  chiller  plant  serving  the  Fort  Leonard  Wood  600  Area  in  order  to 
reduce  electrical  demand  charges. 

In  the  Entry  Interview,  Mr.  Doug  Cage  requested  that  the  analysis  include  the  potential  for  expansion  of 
such  a  system  to  serve  the  700  and  800  Areas  as  well.  It  was  agreed  that  this  would  be  done  if  the  analysis 
indicated  that  a  cold  thermal  storage  system  would  be  economically  feasible  for  Area  600.  Essentially,  the 
systems  are  modular  in  nature,  so  that  installed  costs  would  be  a  multiple  of  the  number  of  Areas  served, 
not  including  any  extraordinary  costs  which  might  be  incurred  as  a  result  of  special  conditions  which  might 
be  encountered  as  a  result  of  system  expansion. 

B.  Building  Data 

The  600  Area  study  area  is  comprised  of  two  different  build  types,  mess  halls  and  barracks.  The  mess  halls 
are  all  essentially  identical  with  the  exception  that  site  orientation  varies  by  building.  The  same  is  true  for 
the  barracks  buildings.  The  following  table  summarizes  building  data. 


BUILDING  TYPE 


QUANTITY 


FLOOR  AREA  EACH 


Barracks 
Mess  Hall 


10 

4 


25,878  sq.ft. 
7,140  sq.ft. 


C.  Present  Energy  Consumption  and  Demand 

A  baseline  case  was  calculated  under  the  basis  that  the  future  chilled  water  plant  for  the  area  under  analysis 
would  be  served  by  a  centrifugal  chiller,  this  was  done  because  there  is  no  existing  baseline  condition 
against  which  thermal  storage  systems  may  be  compared.  The  existing  chiller  serves  Area  600  plus  a 
portion  of  Area  700.  In  addition,  its  age  is  such  that  it  is  reasonable  to  expect  that  it  will  be  replaced  in  the 
near  future.  Assuming  that  replacement  would  be  done  by  centrifugals  is,  we  believe,  both  reasonable  and 
proper. 

Electrical  energy  and  demand  data  for  this  "Base  Case"  are  as  follows: 


Peak  electrical  demand: 

Peak  energy  demand: 

Annual  demand  charge  costs: 


679  KWD 
2,317,000  BTUH 
$50,395 


Section  1  -  Page  1 


Annual  electrical  usage: 
Annual  energy  usage: 
Annual  energy  cost: 


1,436,000  KWHR 
4,900,000,000  BTU 
$35,895 


Total  annual  utility  cost=  $86,290 
(demand  plus  usage) 

No  fuels  other  than  electricity  are  involved  in  this  study. 


D.  Energy  Conservation  Analysis 
1)  ECO’s  Investigated 

There  are  two  main  approaches  to  cold  thermal  storage,  and  both  of  these  were  evaluated.  One 
approach  uses  what  is  termed  an  "ice-harvesting"  or  "ice-shucking"  approach,  in  which  thin  layers 
of  ice  are  cyclically  built-up  on  vertical  plates  and  dropped  off  into  a  bin  below.  This  bin  of  ice 
chips  then  becomes  the  means  of  providing  chilled  water.  The  other  approach  will  typically  freeze 
ice  in  a  solid  block,  perhaps  around  a  bank  of  pipes  during  the  ice  building  phase.  At  the  end  of 
the  ice  building  phase,  the  pipes  will  circulate  water  through  them  which  gradually  melts  the  build¬ 
up  ice,  and  simultaneously  chills  the  water  passing  through  them.  We  have  referred  to  these 
systems  as  "ice  tanks." 

The  ice  harvesting  system  has  the  benefit  of  being  able  to  simultaneously  provide  chilled  water 
while  it  continues  to  build  ice.  No  separate  ice-build  time  is  needed.  The  ice  tank  system  cannot 
do  this.  Therefore,  for  buildings  which  require  cooling  at  night  (such  as  the  Barracks),  a  separate 
conventional  chiller  is  required  for  this  duty  so  that  the  ice  tanks  can  recharge.  The  cost  and  effect 
of  this  extra  chiller  has  been  included  in  ice  tank  calculations. 

For  each  system  several  combinations  of  chiller"run"/chiller"off"  hours  over  a  24  hour  day  were 
evaluated.  Each  combination  became  a  separate  ECO.  Such  combinations  result  in  variations  in 
thermal  storage  volume  requirements,  chiller  plant  tonnages  needed,  and  energy  consumption. 
These  combinations  were  generated  in  order  to  arrive  at  the  optimum  for  both  first  cost  and  energy 
consumption. 

ICE  HARVESTING  SYSTEMS 

Appendix  C  contains,  manufacturer’s  literature  for  a  typical  ice  harvesting  system.  Five  alternative 
systems  were  evaluated,  utilizing  various  combinations  of  run  time  vs.  off  times,  and  in  addition 
varying  the  amount  of  time  the  systems  ran  making  ice  to  the  amount  of  time  they  ran  as 
conventional  chillers.  The  five  systems  analyzed  are  summarized  in  the  following  table. 
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ECO# 

HOURS 

MAKING  ICE 

HOURS  AS 

CHILLER 

HOURS  "OFF' 

IH-1 

8 

16 

0 

IH-2 

8 

10 

6 

IH-3 

12 

12 

0 

IH-4 

12 

6 

6 

IH-5 

8 

13 

3 

The  ice  harvesting  system  has  the  ability  to  continue  to  produce  chilled  water  during  the  hours  it  is 
in  the  ice-making  mode,  due  to  the  fact  that  the  generated  ice  is  de-coupled  from  the  ice-making 
apparatus.  It  is  therefore  available  as  a  separate  chilling  source.  Therefore,  the  columns  labeled 
as  "hours  making  ice"  should  not  be  interpreted  as  though  chilled  water  cannot  be  produced  during 
those  hours.  It  simply  means  that  the  mechanical  refrigeration  system  will  be  making  ice  during 
those  periods, 

ICE  TANK  SYSTEMS 

Appendix  C  contains  manufacturer’s  literature  for  a  typical  ice  tank  system.  As  with  the  ice 
harvesting  systems,  a  total  of  five  alternative  systems  were  evaluated  with  different  mixed  of 
chilling,  ice-building,  and  off  hours  over  a  24-hour  period.  The  following  table  summarizes  these 
combinations: 


ECO# 

HOURS 

MAKING  ICE 

HOURS  AS 

CHILLER 

HOURS  "OFF " 

IT-1 

8 

16 

0 

IT-2 

11 

13 

0 

IT-3 

8 

10 

6 

IT-4 

11 

7 

6 

IT-5 

11 

10 

3 

2)  ECO’s  Recommended 

None  of  the  ECO’s  can  be  recommended. 

3)  ECO’s  Rejected 

None  of  the  ECO’s  met  the  required  SIR  hurdle  of  1,25  and  therefore  all  ECO’s  are 
rejected.  The  conclusion  is  that  cold  thermal  storage  is  a  non- feasible  approach  to 
reducing  utility  costs  at  Fort  Leonard  Wood,  The  reasons  for  this  are  very  basic. 

First,  cold  thermal  storage  systems  are  extremely  expensive  to  install,  compared  to 
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conventional  chilled  water  generators  such  as  centrifugal  chillers.  The  difference  in  first 
costs  can  be  amortized  over  a  reasonable  period  of  time,  but  only  if  demand  and  energy 
charges  avoided  are  high,  such  as  exist  on  the  east  coast  of  the  United  States.  However, 
the  rates  being  charged  at  Fort  Leonard  Wood  are  among  the  lowest  in  the  country.  The 
table  on  page  3-3  from  the  7/95  issue  of  Energy  User  News  reflects  this.  It  shows  that, 
at  the  current  rate  of  2.50  cents  per  KWHR,  had  Ft.  Leonard  Wood's  utility  company 
been  included  in  this  list  it  would  have  been  one  of  the  cheapest  rates  in  the  country, 
ranking  in  the  top  2.5%  of  those  listed.  While  this  table  reflects  energy  charges  only,  it 
is  generally  the  case  that  energy  rates  and  demand  rates  go  hand-in-hand.  Such  systems 
can  also  be  made  feasible  if  the  local  utility  has  financing  or  cash  contribution  incentives 
which  can  be  applied  against  first  costs.  However,  the  local  utility  has  no  such 
programs  available. 

A  contributing  factor  which  hurts  the  viability  of  cold  thermal  storage  is  the  need  to  have 
cooling  available  at  night  for  the  Barracks  building.  Most  cold  thermal  storage  systems 
are  successfully  employed  only  on  buildings  which  have  a  regular  "down  time"  such  as 
office  buildings,  which  are  closed  at  nights  and  over  weekends.  Such  downtime  allows 
the  ice  system  to  devote  itself  exclusively  to  re-charging  of  the  ice  tanks,  without  the 
need  to  simultaneously  provide  cooling.  A  need  for  concurrent  cooling  drives  the 
installed  cost  of  the  system  up  very  significantly. 

4)  ECIP  Projects  Developed 

None,  See  Table  1.1  at  end  of  this  Section. 

5)  Non-ECIP  Projects  Developed 

None.  See  Table  1.1  at  the  end  of  this  Section. 

6)  Operational  or  Policy  Change  Recommendations 

None.  Thermal  storage  is  not  economically  attractive  for  Fort  Leonard  Wood. 

E,  Energy  and  Cost  Savings 

See  Table  1.2  at  end  of  this  Section. 
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SECTION  2 


METHODS  USED  AND  SOURCES  OF  INFORMATION 

The  Scope  of  Work  (See  Appendix  A)  called  for  the  study  of  the  economic  feasibility  of  providing  a  cold 
thermal  storage  system  at  the  central  chiller  plant  serving  the  600  Area  in  order  to  reduce  electrical  demand 
charges. 

In  the  Entry  Interview,  Mr.  Doug  Cage  requested  that  the  analysis  include  the  potential  for  expansion  of 
such  a  system  to  serve  the  700  and  800  Areas  as  well.  It  was  agreed  that  this  would  be  done  if  the  analysis 
indicated  that  a  cold  thermal  storage  system  would  be  economically  feasible  for  Area  600.  Essentially,  the 
systems  are  modular  in  nature,  so  that  installed  costs  would  be  a  multiple  of  the  number  of  Areas  served, 
not  including  any  extraordinary  costs  which  might  be  incurred  as  a  result  of  special  conditions  which  might 
be  encountered  as  a  result  of  system  expansion. 

The  areas  in  question  are  comprised  of  multiples  of  two  different  building  types.  Mess  Halls  and  Enlisted 
Men  Two-Company  Barracks.  Architectural  drawings  were  obtained  for  these  buildings  and  each  building 
type  was  entered  into  the  Trane  "Trace  600"  computer  program  in  order  to  determine  the  building’s  daily 
cooling  load  profiles.  Buildings  were  entered  for  each  of  the  three  Areas,  in  their  proper  quantity  and 
orientation.  In  order  to  establish  daily  cooling  load  profiles,  load  curves  were  estimated  for  the  two  building 
types  for  both  lighting  and  occupancy.  The  major  factor  in  determining  daily  cooling  load  profiles, 
however,  was  skin  loading  due  to  shifting  solar  loads  and  varying  outside  air  temperature. 

Load  profiles  were  then  applied  to  several  different  potential  types  of  central  chiller  plants  (ECO’s)  each 
with  their  own  capacities,  efficiencies,  and  run  time  periods.  Applying  these  loads  to  each  system  was  done 
through  the  "Trace  600"  program,  and  resulted  in  the  calculation  of  energy  usages  over  the  cooling  season. 

There  are  two  main  approaches  to  cold  thermal  storage,  and  both  of  these  were  evaluated.  One  approach 
uses  what  is  termed  an  "ice-harvesting"  or  "ice-shucking"  approach,  in  which  thin  layers  of  ice  are  cyclically 
built-up  on  vertical  plates  and  dropped  off  into  a  bin  below.  This  bin  of  ice  ships  then  becomes  the  means 
of  providing  chilled  water.  The  other  approach  will  typically  freeze  ice  in  a  solid  block,  perhaps  around  a 
bank  of  pipes  during  the  ice  building  phase.  At  the  end  of  the  ice  building  phase,  the  pipes  will  circulate 
water  through  them  which  gradually  melts  the  built-up  ice,  and  simultaneously  chills  the  water  passing 
through  them.  We  have  referred  to  these  systems  as  "ice  tanks". 

The  ice  harvesting  system  has  the  benefit  of  being  able  to  simultaneously  provide  chilled  water  while  it 
continues  to  build  ice.  No  separate  ice-build  time  is  needed.  The  ice  tank  system  cannot  do  this. 

Therefore,  for  buildings  which  require  cooling  at  night  (such  as  the  Barracks),  a  separate  conventional 
chiller  is  required  for  this  duty  so  that  the  ice  tanks  can  recharge.  The  cost  and  effect  of  this  extra  chiller 
was  included  in  ice  tank  calculations. 

In  addition,  for  each  system  several  combinations  of  chiller"run"/chiller"off"  hours  over  a  24  hour  day  were 
evaluated.  Such  combinations  result  in  variations  in  thermal  storage  volume  requirements,  chiller  plant 
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tonnages  need,  and  energy  consumption.  These  combinations  were  generated  in  order  to  arrive  at  the 
optimum  for  both  first  cost  and  energy  consumption. 

Finally  a  baseline  case  was  calculated  under  the  basis  that  the  future  chilled  water  plant  for  the  area  under 
analysis  would  be  served  by  centrifugal  chiller.  This  was  done  because  there  in  no  valid  existing  baseline 
condition  against  which  the  thermal  storage  systems  may  be  compared.  The  existing  chiller  serves  only 
Area  600  and  a  portion  of  Area  700.  In  addition,  its  age  is  such  that  it  is  reasonable  to  expect  that  it  will  be 
replaced  in  the  near  future.  Assuming  that  replacement  would  be  done  by  centrifugals  is,  we  believe,  both 
reasonable  and  proper. 

The  energy  and  demand  rates  used  in  our  cost  calculations  were  those  incremental  rates  which  the  Fort 
would  fall  under  assuming  no  change  in  other  normal  daily  summer  base  electrical  usage.  These  figures 
were  obtained  directly  from  the  electric  utility  company  which  serves  the  base. 

Implementation  cost  estimates  have  been  prepared  for  each  ECO.  Sources  of  cost  estimate  data  include 
vendors  of  the  various  system  types  being  analyzed  and  the  most  recent  issues  of  the  electrical  and 
mechanical  copies  of  the  R.S.  Mean  Estimating  Guidelines. 

All  load  and  energy  consumption  calculations  were  performed  using  the  Trane  "TRACE  600"  program.  The 
TRACE  program  is  a  professionally  recognized  and  proven  computer  program  that  integrates  architectural 
features  with  heating  systems.  It  is  capable  of  simulating  the  features,  systems,  and  thermal  loads  of  the 
building  components  under  study.  It  uses  NOAA  weather  data  files  and  performs  calculations  by  condensing 
those  files  into  several  "typical"  days  per  month. 

Cost  estimates  were  generated  through  use  of  schematic  design  layouts,  quotes  from  vendors  and 
manufacturers  for  significant  pieces  of  equipment  or  services,  and  the  1995  copies  of  the  Means'  Estimating 
Cost  Data  books. 

Life  cycle  cost  calculations  were  performed  using  the  LCCID  program  as  stipulated  in  the  General  Scope  of 
Work. 

We  were  informed  that  the  chilled  water  plant  is  typically  brought  on  in  mid-May  and  is  left  on-line  until 
mid-September.  The  TRACE  program  does  not  have  a  means  of  scheduling  equipment  run  periods  from 
mid-month  to  mid-month,  and  so  the  four  month  period  of  June  through  September  was  used  for  all 
calculations. 

Regarding  total  personnel  occupancies,  the  analysis  used  the  scenario  in  which  all  barracks  were  staffed  to 
their  design  capabilities,  assuming  a  period  of  major  required  readiness.  This  was  done  also  for  the  mess 
halls.  During  the  course  of  a  typical  day,  population  within  the  barracks  was  allowed  to  fluctuate,  assuming 
a  large  part  of  the  building  remained  occupied  due  to  the  classrooms  contained  therein.  Mess  halls  were 
generally  left  unoccupied  except  for  the  regular  scheduled  eating  hours  during  which  design  occupancies 
were  used. 
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As  stated  earlier,  there  were  several  points  to  be  considered  when  deciding  what  system  configurations 
should  be  evaluated. 

The  most  important  consideration  is  the  avoidance  of  incurring  electrical  demand  charges.  Since  the  concern 
is  to  avoid  establishing  new  high  demand  levels,  the  key  point  is  that  chiller  plant  demand  will  only  be  an 
issue  during  that  time  of  the  day  (mid-afternoon)  when  total  Fort  electrical  demand  is  at  its  highest. 
Therefore,  not  running  chillers  and  their  required  auxiliary  motors  (such  as  cooling  tower  fans  and 
condenser  pumps)  during  these  hours  can  be  very  beneficial.  A  curve  of  historical  peak  Fort  electrical 
demand  was  obtained  from  the  utility  and  became  the  basis  for  estimating  those  hours  for  chiller  "off"  times 
which  would  be  of  value,  A  copy  of  this  demand  curve  is  on  the  next  page. 

Another  consideration  involved  how  many  hours  of  the  day  the  system  will  run  in  the  ice-making  mode 
compared  to  how  long  it  will  run  in  the  normal  chiller  mode,  and  whether  it  will  be  turned  off  during  the 
peak  demand  hours  of  mid-afternoon.  The  longer  it  is  "off",  the  more  ice-storage  capacity  which  must  be 
designed  into  the  project.  On  the  other  hand,  if  the  amount  of  ice  storage  is  reduced,  the  cooling  capacity  of 
the  chiller  will  be  driven  upward  in  order  to  supplement  the  thermal  capacity  of  the  stored  ice.  Again,  this 
drives  up  first  cost. 

In  conclusion,  there  is  no  simple  means  of  determining  which  (if  any)  combination  of  run  times,  off  periods, 
and  thermal  storage  capacities  is  the  "best".  It  involves  a  multiple  run  cut-and-try  approach.  This  is  what 
was  done  in  both  the  ice  harvesting  and  ice  tank  systems.  Please  refer  to  Appendix  B  for  a  detailed 
discussion  of  how  this  procedure  was  carried  out. 
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SECTION  3 


RESULTS 


Appendix  G  contains  the  conceptual  cost  estimates  for  each  of  the  ECO’s  and  the  Base  Case. 
Equipment  sizes  were  determined  from  the  cooling  load  calculations  and  costs  were  obtained  from 
sales  engineers  representing  manufacturers.  Installation  costs  were  taken  from  the  1995  Means 
Estimating  Guides,  and  allowances  were  made  for  associated  materials  such  as  piping  and  insulation. 
In  addition,  costs  were  factored  in  for  associated  work  and  burdens  such  as  controls,  balancing,  and 
project  manuals  and  start-up.  Markup  rates  of  10%  for  overhead  and  profit  and  15%  for 
contingencies  were  added  to  estimate  totals. 

The  LCCID  program  approaches  this  type  of  project  by  comparing  ECO  costs  to  ECO  savings.  As  a 
result,  since  this  is  in  effect  a  replacement  project,  data  was  entered  for  each  of  the  ECO’s  by 
entering  the  difference  in  construction  costs  between  the.  ECO  and  the  Base  Case  as  the  ECO  cost, 
and  the  utility  cost  difference  between  the  ECO  and  the  Base  Case  as  the  ECO  savings.  An  economic 
life  of  20  years  was  used  for  the  analysis. 

Utility  costs  entered  were  taken  directly  from  the  ICO  utility  cost  summaries  tabulated  in  Appendix  E. 
No  meaningful  non-energy  recurring  or  non-recurring  costs  are  anticipated  that  would  be 
distinguishable  between  any  of  the  ECO’s  and  the  Base  Case. 

The  resulting  LCC  Analysis  Printouts  for  the  10  ECO’s  are  presented  in  Appendix  H,  and  are 
summarized  below: 


Total  Discounted 

Simple  Payback 

Adjusted 

ECO 

Total  Investment* 

Savings 

Period  (Yrs) 

SIR 

I.R.R. 

m-i 

$  948,394 

$  141,412 

99.99 

.15 

-6,35 

IH-2 

2,231,477 

635,640 

51.81 

.28 

-3.27 

IH-3 

938,656 

135,338 

102.91 

.14 

-6.51 

IH-4 

1,174,666 

632,896 

27.38 

.54 

-.14 

IH-5 

1,067,969 

697,342 

22.74 

.65 

.83 

IT-1 

536,849 

226,452 

35.32 

.42 

-1.35 

IT-2 

648,009  ' 

298,903 

32.46 

.46 

-.91 

IT-3 

1,048,431 

722,684 

21.59 

.69 

1.10 

IT-4 

968,714 

735,463 

19.63 

.76 

1.59 

IT-5 

759,010 

738,911 

15.31 

.97 

2.86 

*Compared  to  Base  Case 
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As  can  be  seen,  none  of  the  ECO’s  meet  the  required  SIR  hurdle  of  1.25,  including  the  "optimized” 
cases.  The  conclusion  is  that  cold  thermal  storage  is  a  non-feasible  approach  to  reducing  utility  costs  at 
Fort  Leonard  Wood.  The  reasons  for  this  are  very  basic. 

First,  cold  thermal  storage  systems  are  extremely  expensive  to  install,  compared  to  conventional  chilled 
water  generators  such  as  centrifugal  chillers.  The  difference  in  first  costs  can  be  amortized  over  a 
reasonable  period  of  time,  but  only  if  demand  and  energy  charges  avoided  are  high,  such  as  exist  on  the 
east  coast  of  the  United  States.  However,  the  rates  being  charged  at  Fort  Leonard  Wood  are  among  the 
lowest  in  the  country.  The  accompanying  table,  from  the  7/95  issue  of  Energy  User  News,  reflects  this. 
It  shows  that,  at  the  current  rate  of  2.50  cents  per  KWHR,  had  Ft.  Leonard  Wood’s  utility  company 
been  included  in  this  list  it  would  have  been  one  of  the  cheapest  rates  in  the  country,  ranking  in  the  top 
2.5%  of  those  listed.  While  this  table  reflects  energy  charges  only,  it  is  generally  the  case  that  energy 
rates  and  demand  rates  go  hand-in-hand.  Such  systems  can  also  be  made  feasible  if  the  local  utility  has 
financing  or  cash  contribution  incentives  which  can  be  applied  against  first  costs.  However,  the  local 
utility  has  no  such  programs  available. 

A  contributing  factor  which  hurts  the  viability  of  cold  thermal  storage  is  the  need  to  have  cooling 
available  at  night  for  the  Barracks  buildings.  Most  cold  thermal  storage  systems  are  successfully 
employed  only  on  buildings  which  have  a  regular  "down  time"  such  as  office  buildings,  which  are 
closed  at  nights  and  over  weekends.  Such  downtime  allows  the  ice  system  to  devote  itself  exclusively  to 
re-charging  of  the  ice  tanks,  without  the  need  to  simultaneously  provide  cooling.  Such  a  need  for 
concurrent  cooling  drives  the  installed  cost  of  the  system  up  very  significantly. 
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1  RANKING  OF  ELECTRICITY  PRICB 

- 

ItaiNDUSTRIALI 

1 

CUAwh 

Stale 

imUTY 

Cum  kwh 

Rank 

CtsAwh 

SM  UTILITY  CaMkwh 

IZTL 

■  Hi 

Hawaii  Elec.  Light 

0.0% 

86. 

4.40 

D« 

Delmarva  P&L  472% 

11.20 

NY 

Consolidated  Edison 

0.1% 

87. 

426 

FI 

Gulf  Power  472% 

10.36 

.  Hi 

Maui  Qeccnc 

02% 

88. 

424 

Mn 

Northern  States  Power  49.4% 

9.98 

.NH 

P2.  New  Hampshire 

‘  0.4% 

89. 

424 

ND 

Northern  States  Power  .  492% 

9.82 

Ma 

!  RI 

Commonweal^  Elec 

.  0.4% 

90. 
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;  Vt 

Virginia  £&P  50.7% 

^ES 

9.21 

Blackstone  Valley  Elec. 

•  02% 
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Gt 

Georgia  Power  53.9% 

8.87 

Cl 

United  Ilium. 

02% 

92. 

423 

t  Az 

Salt  lUver  Project  542% 

8.78 

f  Hi 

Hawaiian  Hectric 

L  IJ0% 

93. 

423 

Co 

UtiliCorp  Uruted  -  54.4% 

^E9 

8.51 

Ma 

W.  Massachusetts  Elec 

%  1.1% 

91. 

4.19 

Tx 

Texas  Utilies  Elec  •  572% 

8.49 

h  NJ 

Jersey  Central  P4d. 

r  1.6% 
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4.17 

?  In 
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8.46 

.  Ma 

Boston  Edison 

:  1.8% 
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4.16 

.  In 
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8J0 

*  NJ 
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:  SC 
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8^1 

•  Ca 
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4.16 

-  In 

Irnliana/Mich.  Pwr.  60.8% 

821 

;  Me 

Central  Maine  Power 

L  3.1% 
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-  Mo 

Union  Electric  '  612% 

7.80 

r  NJ 

Public  Service  E4cC 

100. 

4.15 

1'  Tn 
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r  o 

Connecticut  L&P 
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4.14 

-NC 
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;  RI 
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3.93 

NM 
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3.93 
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3.90 

w  T* 
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f  Oh 
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iia 

3.89 

:  m 
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:  Ca 
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;  12.0% 
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3.88 

;  Co 
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6.17 

;  Ca 
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3.88 
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3.87 
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r  n 
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3.87 
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5.85 
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5.84 
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Tsc- 
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5.71 
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3.80 

5.45 
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Arkarxsas  P&L 
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3.80 
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5.43 
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Green  Mountain  Power ^22.6%"^ 
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3.76 
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3.76 

1  Ne: 
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Mi 

Consumers  Power 

r  25.4% 
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3.70 

rwa 

PUD  No.  1  Snohomish  '  73.0% 
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Sierra  Pacific  Power 
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3.68 
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Washington  Water  PwrJ  73.1% 
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PS  New  Mexico 
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3.62 

1  Wi 

lowa-Illinois  G&E  L  752% 

5.07 

TNY 

Niagara  Mohawk  Pwr. 

129. 

3.62 
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4.94 
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4.91 
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Florida  P&L 
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PS  Oklahoma  v802% 
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4.89 

^  A1 
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139. 
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Columbus  S.  Power 

F327%; 
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3.43 
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4.87 

Nashville  Elec.  Sve 

C33.4%2 
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3.41 

F  Arf 
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4.86 
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14Z 

3.41 
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[so. 
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143. 
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4.85 
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Carolina  P&L 
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144. 

3.38 

t.Tx: 

Central  Power  &  Ught  j  84.4% 

1  425 

Knox\riIle  Agency 

[•34.8%: 

145. 

327 

i  Wy: 

PadfiCorp  ?  85.1% 

1  4.80 

LWa- 

Puget  Sound  P<ScL 

K352%-: 

146. 

327 

tWa' 

Seattle  Gty  Ught  1-852% 

4,79 

rOt 

Jackson  Dec 

^35-4%? 

147. 

326 

tMo4 

Empire  District  Elec  ?25.4% 

1  4.79 

ti-it 

Illinois  Power 

t36.4%i 

148. 

326 

^Nei 

Nebraska  PPD  f  852% 

4.77 

bNv. 

Nevada  Power 

F36.9%! 

149. 

328 

^Ne": 

Omaha  PPD  1252% 

Texas-N Jd.  Power  {  85.9% 

!  420 

KPa: 

West  Penn  Power 

137.9%: 

150. 

324 

vNMi 

'  4.69 

[no 

Virginia  EkP 

t38J.%: 

151, 

320 

V  Wi* 

Wisconsin  PS  f  862% 

4.66 

Lmi. 

Indiana /Mich.  Pwr. 

152. 

3.19 
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Potomac  Edison  1 86.9% 

4.64 

FmiT 

Potomac  Electric 

f38.2%: 

153. 

3.18 

iMt: 

Montana  Power  s-872% 

4.61 

Otter  Tail  Power 
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^4%- 
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3.17 

IF*  Id 

Washington  Water  Pwri“  87.4% 
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155. 
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tso 
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Gulf  States  Utilities 
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3.03 

f  Oki 
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fTiC 
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PS  Colorado 

1 402%, 
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f  Ok 
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Northern  States  Power 
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“  Ky 
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r.Wa 
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424 

h  SD' 
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‘  H 

Tampa  Elec 

163. 
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k  SD 
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?:  Tx 
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4.43 
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SECTION  4 


SYSTEM  SIZING  PROCEDURES  AND  RESULTS 
4. 1  ICE  HARVESTING  SYSTEMS 

Appendix  B  contains  manufacturer’s  literature  for  a  typical  ice  harvesting  type  of  system.  Five 
alternative  systems  were  evaluated,  utilizing  various  combinations  of  run  times  vs.  off  times,  and 
in  addition  varying  the  amount  of  time  the  systems  ran  making  ice  to  the  amount  of  time  they  ran 
as  conventional  chillers.  The  five  systems  analyzed  are  summarized  in  the  following  table. 

HOURS  HOURS  AS 


ECO# 

MAKING  ICE 

CHILLER 

HOURS  "OFF" 

IH-1 

8 

16 

0 

IH-2 

8 

10 

6 

IH-3 

12 

12 

0 

IH-4 

12 

6 

6 

IH-5 

8 

13 

3 

As  indicated  in  a  previous  section,  the  ice  harvesting  system  has  the  ability  to  continue  to  produce 
chilled  water  during  the  hours  it  is  in  the  ice-making  mode,  due  to  the  fact  that  the  generated  ice 
is  de-coupled  from  the  ice-making  apparatus.  It  is  therefore  available  as  a  separate  chilling 
source.  Therefore,  the  columns  labeled  as  "hours  making  ice"  should  not  be  interpreted  as  though 
chilled  water  cannot  be  produced  during  those  hours.  It  simply  means  that  the  mechanical 
refrigeration  system  will  be  making  ice  during  those  periods. 

Each  of  the  indicated  ECO’s  is  discussed  in  the  following  sections. 

4.1.1  ECO  IH-1 

In  this  analysis,  the  system  was  allowed  to  build  ice  during  the  eight  hours  of  1:00  a.m. 
through  9  a.m.  inclusive.  During  the  remaining  sixteen  hours  of  the  day,  the  plant  was 
allowed  to  operate  as  a  normal  chiller.  Applying  those  parameters  to  the  June  to  September 
load  profile  for  Area  600,  it  was  found  that  an  ice  storage  capacity  of  2200  ton-hours  coupled 
with  a  nominal  chiller  tonnage  of  630  tons  (485  tons  when  making  ice)  would  meet  all  load 
conditions  and  would  never  totally  deplete  the  tank  ice  capacity.  See  Appendix  C  for  the  load 
and  demand  profile  printouts.  This  results  in  a  relatively  low  first  cost  compared  to  the  other 
alternatives.  However,  since  the  refrigeration  plant  is  never  "off,"  demand  charges  are  not 
avoided,  which  is  the  major  thrust  of  the  project. 
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4.1.2  ECO  IH-2 


In  an  effort  to  address  the  demand  changes  incurred  under  ECO  IH-1,  ECO  IH*2  turned  the 
chiller  "off"  during  the  mid-aftemoon  period  from  noon  through  6:00  p.m.  All  other 
operational  hours  remained  unchanged  from  ECO  IH-1. 

The  results  of  this  approach  was  to  drive  up  significantly  the  required  ice-making  capacity  of 
the  plant,  since  stored  ice  would  be  all  that  would  be  available  to  carry  load  during  the  chiller 
"off"  period.  The  nominal  chiller  capacity  rose  to  1,150  tons  (885  tons  of  ice-making 
capacity),  and  ice  storage  volume  of  5,000  ton-hours.  Load  and  demand  profiles  are  contained 
in  Appendix  C. 

4.1.3  ECO  IH-3 

This  ECO  was  another  variation  of  ECO  IH-1.  It  was  suggested  that  it  might  be  possible  that, 
in  exchange  for  a  longer  ice-build  time,  the  size  of  the  chiller  needed  to  supplement  the  stored 
ice  during  the  peak  afternoon  hours  might  be  reduced  to  the  point  that  the  incurred  demand 
charges  associated  with  the  chiller  might  be  more  economically  bearable. 

As  a  result,  the  ice-build  time  was  expanded  to  12  hours,  running  from  9:00  p.m.  through  9:00 
a.m.  inclusive.  From  9:00  a.m.  until  9:00  p.m.,  the  system  was  used  to  generate  chilled 
water.  The  resulting  load  and  demand  profiles  are  contained  in  Appendix  C.  While  extension 
of  the  ice  build  time  did  result  in  a  smaller  chiller  requirement,  the  reduction  in  size  from  ECO 
IH-1  was  very  slight,  from  630  tons  to  625  (or  from  485  tons  of  ice-making  capacity  to  480). 
As  might  be  expected,  the  required  ice  storage  capacity  increased  slightly  from  2,200  ton-hours 
under  ECO  IH-1  to  2,400  ton-hours  under  ECO  IH-3. 

4.1.4  ECO  IH-4 

This  ECO  was  a  modification  of  ECO  IH-3,  using  the  same  ice-making  hours,  but  again 
turning  the  chiller  plant  "off"  from  noon  through  6:00  p.m.,  to  avoid  demand  charges,  as  was 
done  under  ECO  IH-2. 

The  results  of  this  approach  were  encouraging.  Requiring  the  stored  ice  to  carry  the  total  load 
during  the  six  afternoon  hours  drove  the  ice-making  tonnage  up  from  480  to  750  tons,  but  the 
allowance  of  12  hours  for  making  ice  meant  that  the  750  tons  of  capacity  was  considerably  less 
than  the  885  tons  that  had  been  required  under  ECO  IH-2.  At  the  same  time,  the  storage 
capacity  required  under  this  ECO  was  found  to  be  5,000  ton-hours,  which  is  the  same  as  that 
required  imder  ECO  IH-2. 

Again,  cooling  load  and  demand  profiles  for  this  ECO  are  contained  in  Appendix  C. 
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4.1.5  ECO  IH-5 


A  close  analysis  of  the  electrical  demand  profile  curve  obtained  from  the  electric  utility 
company,  referred  to  in  Section  3,  indicates  that  there  may  be  a  window  of  demand 
establishment  as  narrow  as  three  hours  (from  1:00  p.m.  to  4:00  p.m.)  during  which  time  an 
imposition  of  any  additional  large  refrigeration  plant  loads  on  a  design  day  would  definitely 
result  in  establishment  of  a  new  demand  peak.  Conversely,  it  appears  that  the  demand  loads 
outside  of  this  hour  range  fall  off  steeply  enough  that  powering  of  the  refrigeration  plant  would 
not  result  in  establishment  of  a  new  demand  peak. 

Under  this  hypothesis,  an  analysis  similar  to  ECO  IH-2  was  developed,  but  one  in  which  the 
chiller  was  off  only  from  1:00  p.m,  to  4:00  p.m.  It  was  used  to  build  ice  between  1:00  a.m. 
and  9:00  a.m.,  and  would  be  used  as  a  chiller  during  the  remainder  of  the  day.  The  results  of 
this  approach  appeared  to  be  quite  promising.  The  required  chiller  capacity  was  reduced  to 
820  tons  from  the  1,150  tons  needed  under  ECO  IH~2,  and  the  thermal  storage  capacity  was 
reduced  from  5,000  ton-hours  to  2,600  ton-hours. 

Of  course,  the  value  of  these  numbers  is  dependant  upon  the  validity  of  the  hypothesis  stated 
above.  This  approach  results  is  a  "fine-tuned"  solution  to  a  narrow  period  of  peak  demand. 
The  resulting  cooling  and  peak  demand  load  profiles  are  in  Appendix  C. 

4.2  ICE  TANK  SYSTEMS 

Appendix  B  contains  manufacturer’s  literature  for  a  typical  ice  tank  type  of  system.  As  with  the 
ice  harvesting  systems,  a  total  of  five  alternative  systems  were  evaluated  with  different  mixes  of 
chilling,  ice-building,  and  off  hours  over  a  24-hour  period.  The  following  table  summarizes  these 
combinations: 


ECO^ 

HOURS 

MAKING  ICE 

HOURS  AS 
CHILLER 

HOURS  "OFF" 

IT-1 

8 

16 

0 

IT-2 

11 

13 

0 

IT-3 

8 

10 

6 

IT-4 

11 

7 

6 

IT-5 

11 

10 

3 

Each  of  the  indicated  ECO’s  is  discussed  in  the  following  sections. 
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4.2.1  ECO  IT-1 


In  this  first  analysis,  the  ice  tank  was  charged  during  the  period  from  1:00  a.m.  through  9:00 
a.m.,  and  was  drawn  down  (supplemented  by  the  refrigeration  equipment  producing  chilled 
water)  during  the  other  hours  of  the  day.  There  was  no  period  when  all  equipment  was  "off." 

A  supplemental  chiller  was  used  at  night  to  provide  cooling  to  the  Barracks  buildings  while  the 
main  system  was  building  ice. 

This  scenario  resulted  in  the  need  for  an  ice-making  capacity  of  375  tons  (approximately  500 
chiller  tons)  coupled  to  an  ice-tank  with  a  thermal  storage  capacity  of  3,300  ton-hours.  In 
addition,  a  night  chiller  with  a  400  ton  cooling  capacity  would  also  be  required.  While  this 
results  in  a  relatively  small  total  chiller  capacity,  it  is  noted  that  in  this  option,  as  in  ECO  IH-1, 
there  is  never  an  "off"  period  for  the  cooling  plant,  so  demand  charges  are  never  truly  avoided. 

Appendix  C  contains  the  ice  plant  loading  and  demand  profiles  for  the  cooling  months.  It 
should  be  noted  that  this  printout  does  not  include  the  load/demand  met  by  the  separate  night 
chiller,  since  this  is  independent  of  the  thermal  storage  plant.  Energy  usage  of  the  night  chiller 
system  is  accounted  for  in  energy  printouts  which  will  be  presented  later.  This  is  true  for  all 
of  the  ice  tank  system  alternatives  analyzed. 

4.2.2  ECO  IT-2 

ECO  IT-2  was  developed  as  a  means  of  reducing  the  size  of  the  chiller  which  would  need  to 
run  during  the  afternoon  hours  by  having  more  supplemental  ice  available  by  lengthening  the 
ice  build  time.  Therefore,  the  ice  build  time  period  was  extended  to  run  from  11:00  p.m.  until 
10:00  a.m.,  a  total  of  1 1  hours,  with  the  chiller  generating  chilled  water  the  rest  of  the  time. 

As  with  ECO  IH-3,  where  the  same  approach  was  tried,  there  was  some  benefit  in  demand 
reduction,  but  not  a  large  one.  The  chiller  tonnage  dropped  from  500  tons  to  450  tons 
compared  to  ECO  IT-1,  which  is  an  ice-making  tonnage  reduction  from  375  tons  to  345  tons. 
However,  the  ice  tank  thermal  storage  volume  rose  from  3,300  ton-hours  to  4,000  ton-hours. 
Also,  the  size  of  the  night  chiller  required  rose  from  400  tons  to  450  tons.  See  Appendix  C  for 
the  summer  load  and  demand  profiles. 

4.2.3  ECO  IT-3 

This  scenario  uses  the  hours  from  1:00  a.m.  to  9:00  a.m.  for  ice  building  and  turns  all 
mechanical  equipment  (except  chilled  water  pumps)  off  from  12  noon  until  6:00  p.m.  to  avoid 
adding  to  peak  demands  established  during  that  period.  During  other  hours,  the  refrigeration 
equipment  runs  as  a  conventional  chiller. 

The  requirements  for  stored  ice  to  serve  as  the  sole  means  of  carrying  load  over  a  six-hour 
period  drove  up  both  the  size  of  the  thermal  storage  tank  (to  6000  ton-hours)  and  the  ice¬ 
making  capacity  of  the  refrigeration  plant,  to  625  tons  (approx.  810  tons  of  normal  chilling 
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capacity).  Since  the  ice-build  time  was  reduced  to  the  same  8  hour  period  used  in  ECO  IT-1, 
however,  the  night  chiller’s  capacity  returned  to  400  tons,  as  was  the  case  in  ECO  IT-1. 
Appendix  C  contains  the  summer  load  and  demand  profiles  for  this  case. 

4.2.4  ECO  IT-4 

This  alternative  assumed  that  ice  will  be  built  over  an  11  hour  period  from  11:00  p.m.  until 
10:00  a.m.,  that  all  systems  except  chilled  water  pumps  will  be  off  during  the  period  from  12 
noon  until  6:00  p.m.  to  avoid  demand  charges,  and  that  the  refrigeration  plant  will  operate  as  a 
chiller  during  all  other  periods. 

The  effect  of  extending  the  ice  build  time  by  3  hours  compared  to  ECO  IT-2  is  to  reduce  the 
required  size  of  the  ice-making  capacity  of  the  refrigeration  plant  since  it  has  a  longer  time 
available  over  which  to  build  the  required  ice.  As  a  result,  the  capacity  requirement  dropped 
to  490  tons  (635  tons  chilling  capacity)  compared  to  the  625  tons  (810  tons  chilling)  of  ice¬ 
making  capacity  required  in  ECO  IT-3.  The  size  of  the  storage  tank  remained  at  6,000  ton- 
hours,  however.  Also,  the  size  of  the  night  chiller  required  to  serve  the  Barracks  buildings 
increased  to  450  tons.  Load  and  demand  profiles  are  presented  in  Appendix  C. 

4.2.5  ECO  IT-5 

As  with  ECO  IH-5,  this  ECO  narrowed  the  peak  demand  window  to  three  hours  from  1:00 
p.m.  until  4:00  p.m.  Also  as  with  ECO  IH-5,  the  result  was  a  significant  improvement  over 
use  of  a  six  hour  "off’  period  for  the  refrigeration  plant.  The  required  ice-making  tonnage 
dropped  to  400  tons  (520  tons  chilling  capacity)  and  required  total  thermal  storage  was  reduced 
to  4,500  ton-hours.  The  same  caution  applies  here  that  was  stated  in  the  ECO  IH-5  discussion. 
The  results  are  only  valid  if  total  Fort  demand  is  low  enough  prior  to  1:00  p.m.  and  after  4:00 
p.m.  See  Appendix  C  for  cooling  load  and  demand  profiles  for  this  ECO. 

BASE  CASE 

As  stated  earlier,  a  conventional  mid-range  efficiency  centrifugal  chiller  was  used  as  the  base  case 
against  which  the  various  ECO’s  would  be  compared.  The  peak  load  calculated  for  Area  600 
resulted  in  selection  of  a  chiller  with  a  nominal  capacity  of  900  tons.  Manufacturer’s  literature  for 
such  a  typical  chiller  is  included  in  Appendix  B. 
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4.4  SUMMARY  OF  RESULTS 


The  following  table  summarizes  the  results  presented  in  the  preceding  paragraphs,  upon  which 
energy  calculations  were  based: 


REQUIRED 

REQUIRED 

REQUIRED 

ICE¬ 

EQUIVALENT 

NIGHT 

TON-HOURS 

MAKING 

CHILLER 

CHILLER 

THERMAL 

ECO^ 

TONS 

TONS 

CAPACITY 

STORAGE 

IH-1 

485 

630 

— 

2,200 

IH-2 

885 

1,150 

- 

5,000 

IH-3 

480 

625 

- 

2,400 

IH-4 

750 

975 

- 

5,000 

IH-5 

630 

820 

- 

2,600 

IT-1 

375 

490 

400 

3,300 

IT-2 

345 

450 

450 

4,000 

IT-3 

625 

815 

400 

6,000 

IT-4 

490 

635 

450 

6,000 

IT-5 

400 

520 

450 

4,500 

BASE 

— 

900 

— 

- 
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SECTION  5 


ENERGY  AND  DEMAND  CALCULATIONS 
5.1  BASIS  OF  CALCULATIONS 

Individual  printouts  of  each  ECO’s  energy  usage  (KWH)  and  component  month-by-month  peak  electrical 
demand  (KW)  are  contained  in  Appendix  D.  Also  included  therein  is  the  same  data  for  the  Base  Case 
of  the  centrifugal  chiller. 

The  tabulations  which  follow  use  this  data  and  data  taken  from  the  typical  hour-by-hour  demand  curve 
for  the  Fort  which  was  obtained  from  the  utility  company  to  estimate  what  the  electric  utility  cost 
difference  would  be  between  a  given  ECO  and  the  Base  Case.  The  electric  utility  costs  incurred  are 
based  upon  the  sum  of  the  energy  (KWH)  costs  and  the  demand  (KW)  costs.  Each  will  be  explained  in 
turn. 

a)  Energy  (KWH)  Costs 

Energy  costs  are  simple  to  determine.  The  various  components  in  the  system  each  consume  energy 
on  a  continuing  basis.  This  continuous  usage  is  tallied  over  a  given  monthly  billing  period  and  the 
resulting  KWH  total  is  then  multiplied  by  the  cost  per  KWH  to  obtain  the  energy  cost.  This 
procedure  is  independent  of  when  during  the  day  the  energy  was  used.  All  usage  is  figured  into 
the  energy  cost  billed. 

b)  Demand  (KW)  Costs 

The  logic  in  calculation  of  demand  costs  is  different.  The  factor  which  will  determine  a  demand 
charge  which  appears  on  a  monthly  statement  is  the  highest  KW  demand  established  over  the 
preceding  12  months.  This  demand  is  typically  established  during  mid-afternoons  of  summer 
months,  when  air  conditioning  systems  are  under  peak  loads.  Therefore,  it  is  very  beneficial  to 
minimize  or  eliminate  KW  loads  during  this  period. 

Therefore,  in  order  to  estimate  the  effect  of  a  given  system  alternative  on  total  billing  demand  it 
was  necessary  to  estimate  what  the  Fort’s  hourly  base  demand  is  during  a  peak  month  (taken  as 
July)  and  then  add  to  that  the  demands  which  would  be  established  by  that  system’s  cooling  plant. 
The  sum  of  these  at  each  hour  is  the  total  peak  demand  at  that  hour.  The  hour  with  the  greatest 
demand  is  then  taken  as  establishing  the  demand  which  will  be  billed  for  the  next  12  months. 
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Using  the  historical  demand  curve  previously  referenced,  the  following  figures  were  used  to 
estimate  base  demand  for  the  Fort  during  a  peak  day  in  July: 


DEMAND 

TIME 

(KW) 

11  AM 

26,600 

12  NOON 

28,000 

1  PM 

29,100 

2  PM 

30,000 

3  PM 

29,000 

4  PM 

28,400 

5  PM 

27,700 

5.2  BASE  CASE  PROCEDURES  AND  RESULTS 

Hourly  chiller  KW  demand  loads  were  calculated  using  a  selected  machine  capacity  of  900  tons  and 
applying  a  part-load  efficiency  curve  to  the  hourly  loads  calculated  to  occur  during  the  design  July 
afternoon  period.  The  chiller  was  selected  to  have  a  peak  efficiency  of  .73  KW  per  ton,  which  is  a 
mid-range  efficiency  selection.  Such  a  selection  represents  a  good  value  between  a  high-efficiency 
chiller  and  one  with  a  low  first  cost. 

All  other  system  components  (pumps,  cooling  towers),  being  essentially  non-modulating  in  nature,  were 
taken  as  establishing  their  design  demand  KW  throughout  the  design  day  afternoon.  Energy 
consumption  data  were  taken  directly  from  the  TRACE  program  output.  The  following  table 
summarizes  this  data. 
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1.  DEMAND  COMPONENT 


Hour 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand 

26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

Centr.  Chiller 

483 

567 

541 

564 

597 

659 

649 

Cooling  Tower 

72 

72 

72 

72 

72 

72 

72 

Cond.  Water  Pumps  15 

15 

15 

15 

15 

15 

15 

Ch.  Water  Pumps 

28 

28 

28 

28 

28 

28 

28 

27,198 

28,682 

29,756 

30,679 

29,712 

29,174 

28,464 

Demand  in  excess  of  peak:  679  KWD 

Demand  cost  over  12  months:  $50,395  (at  $6,185  per  KWD) 

n.  ENERGY  COMPONENT 


Month 

Jun 

Jul 

Aug 

Sept 

Total 

KWHR  usage  for: 

Centr.  Chiller 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Aimual  KWHR  Cost: 

Total  Annual  Utility  Cost: 

$35,895 

$86,290 

(at  $.025  per  KWHR) 
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5.3  ICE  HARVESTER  SYSTEM  ECO’S 


The  following  five  sub-sections  present  the  results  of  demand  and  energy  usage  calculations  for  each 
ECO,  displays  the  savings  in  demand  and  usage  between  that  ECO  and  the  base  case,  and  applies  the 
appropriate  KWD  and  KWHR  unit  costs  to  those  savings.  A  resulting  annual  utility  cost  savings  is 
shown  at  the  bottom  of  each  tabulation. 

It  may  be  noted  that  one  piece  of  equipment  that  is  listed  in  the  Appendix  D  energy  and  demand 
tabulations  is  the  ’’Water  Circulating  Pump-Constant  Volume."  This  pump  only  runs  during  the  ice¬ 
making  mode.  Therefore,  it  is  off  during  the  hours  from  11:00  a.m.  to  5:00  p.m. 
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5.3.1  ECO  IH-1 


Comments:  This  system,  while  producing  some  demand  and  energy  savings,  does  not  look 
promising.  The  total  annual  savings  of  $9,485  is  rather  insignificant. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

630  Ton  Chiller  452 

461 

465 

466 

467 

465 

460 

Cooling  Tower  Fans  50 

50 

50 

50 

50 

50 

5050 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pumps  1 1 

11 

11 

11 

11 

11 

11 

28,141 

28,550 

29,654 

30,555 

29,556 

28,954 

28,249 

Peak  Demand  Reduction  Compared  to  Base  Case: 

124 

Annual  demand  savings  at  $6,185  per 

KWD: 

$9,203 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

630  Ton  Chiller 

350,261 

438,155 

361,489 

274,636 

1,424,541 

Base  case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case 

8,689 

-10,983 

3,560 

9,998 

11,264 

Annual  energy  savings  @  $0.25  per  KWHR 

$282 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR  THIS  ECO: 

$9,485 
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5.3.2 


ECO  IH-2 


Comments:  Significant  improvement  over  ECO  IH-1,  due  to  the  peak  KWD  reduction 
resulting  from  the  chiller,  cooling  tower,  and  condenser  water  pumps  being  turned  off  at  the 
peak  hour.  There  is,  however,  an  increase  in  energy  usage  due  to  the  size  of  the  ice  making 
chillers  and  the  fact  that  it  takes  more  energy  to  make  ice  than  to  chill  water. 

1.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

1,150  Ton  Chiller  455 

0 

0 

0 

0 

0 

0 

Cooling  Tower  Fans  92 

0 

0 

0 

0 

0 

0 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  20 

0 

0 

0 

0 

0 

0 

27,195 

28,028 

29,128 

30,028 

29,028 

28,428 

27,728 

Peak  Demand  reduction  Compared  to  Base  Case: 

651 

Aimual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Aimual 

KWHR  usage  for: 

1,150  Ton  Chiller 

394,773 

493,612 

423,914 

333,373 

1,645,672 

Base  case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case 

-35,823 

-66,440 

-58,865 

-48,739 

-209,867 

Annual  energy  savings  @  $0.25  per  KWHR 

($5,247) 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$43,071 
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5.3.3 


ECO  IH-3 


Comment:  This  system  results  in  less  energy  savings  than  ECO  IH-l.  More  energy  is  consumed 
because  four  hours  of  operation  were  shifted  to  ice-making  from  water  chilling.  As  noted  in  the 
previous  paragraph,  ice-making  uses  more  energy  than  water  chilling.  At  the  same  time,  the  shift 
in  usage  did  not  produce  a  meaningful  increase  in  KWD  reduction, 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

625  Ton  Chiller  449 

457 

461 

462 

463 

462 

462 

Cooling  Tower  Fans  50 

50 

50 

50 

50 

50 

50 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  11 

11 

11 

11 

11 

11 

11 

27,138 

28,546 

29,650 

30,551 

29,552 

28,951 

28,251 

Peak  Demand  Reduction  Compared  to  Base  Case: 

128 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$9,500 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

625  Ton  Chiller 

354,982 

460,020 

359,978 

275,994 

1,405,974 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

3,968 

-32,848 

5,071 

8,640 

-15,169 

Annual  Energy  Savings  at  $.025  per  KWHR:  ($379) 

Annual  utility  cost  savings  for  this  ECO:  $9,121 
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5.3.4  ECO  IH-4 


Comments:  The  results  of  this  system  compared  to  ECO  IH-2  are  very  similar  to  the  results  of 
ECO  IH-3  compared  to  ECO  IH-1.  There  is  a  very  small  reduction  in  energy  savings  which 
results  from  shifting  four  hours  of  water  chilling  to  ice*building.  This  is  again  due  to  the  relative 
energy  inefficiency  of  ice  building,  as  compared  to  water  chilling.  Demand  reduction,  on  the 
other  hand,  did  not  change. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

975  Ton  Chiller  454 
Cooling  Tower  Fans  78 
Ch.  Water  Pump  28 

Cond.  Water  Pump  16 

28,000 

0 

0 

28 

0 

29,100 

0 

0 

28 

0 

30,000 

0 

0 

28 

0 

29,000 

0 

0 

28 

0 

28,400 

0 

0 

28 

0 

27,700 

0 

0 

28 

0 

27,176 

28,028 

29,128 

30,028 

29,028 

28,028 

27,728 

Peak  Demand  Reduction  Compared  to  Base  Case: 
Annual  Demand  Savings  at  $6,185  per  KWD: 

651 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

975  Ton  Chiller 

Base  Case 

398,148 

358,950 

505,719 

427,172 

426,572 

365,049 

322,145 

284,634 

1,652,584 

1,435,805 

Savings  Compared 
to  Base  Case: 

-39,198 

-78,547 

-61,523 

-37,511 

-216,779 

Annual  Energy  Savings  at  $.025  per  KWHR: 

($5,419) 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$42,898 
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5.3.5  ECO  IH-5 


Comments:  As  might  be  expected,  the  narrowing  of  the  demand  "window"  during  which  ice 
must  be  available  to  carry  load  from  six  hours  to  three  hours  results  in  the  greatest  energy 
savings.  This  is  because  less  ice-making  time  at  night  is  needed  and,  therefore,  ice-making 
inefficiencies  are  minimized. 


I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

820  Ton  Chiller  463 

560 

0 

0 

0 

606 

599 

Cooling  Tower  Fans  66 

66 

0 

0 

0 

66 

66 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  14 

14 

0 

0 

0 

14 

14 

27,171 

28,668 

29,128 

30,028 

29,028 

29,114 

28,407 

Peak  Demand  Reduction 

Compared  to  Base  Case: 

651 

Annual  Demand  Savings 

at  $6,185  perKWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

820  Ton  Chiller 

358,977 

453,487 

379,911 

297,877 

1,490,252 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

-27 

-26,315 

-14,862 

-13,243 

-54,447 

Annual  Energy  Savings  at  $.025  per  KWHR:  ($1,361) 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR  THIS  ECO:  $46,956 
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5.3.6  SUMMARY  TABLE 


Annual  Utility  Savings 


ECO 

Compared  to  Base  < 

IH-1 

$ 

9,485 

IH-2 

$ 

43,071 

IH-3 

$ 

9,121 

IH-4 

$ 

42,898 

IH-5 

$ 

46,956 

5.4  ICE  TANK  SYSTEM  ECO’S: 

The  following  sub-sections  are  arranged  in  the  same  manner  as  those  in  Section  5.3.  Inasmuch  as  the 
components  associated  with  the  night  chiller  system  only  run  at  night,  none  of  them  (the  chiller,  cooling 
tower,  condenser  water  pump)  are  listed  in  the  demand  tabulations. 
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5.4.1  ECO  IT-1 


Comments:  Savings  achieved  by  this  system  are  rather  modest,  due  to  the  fact  that  no  equipment 
is  turned  off  during  the  peak  demand  period.  Demand  reduction,  though,  is  better  than  that 
achieved  by  the  similar  Ice  Harvester  System  IH-1.  Annual  savings  achieved  by  this  ECO 
amount  of  $15,200. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

500  Ton  Chiller  384 

391 

394 

395 

396 

395 

390 

Cooling  Tower  Fans  41 

41 

41 

41 

41 

41 

41 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  14 

14 

14 

14 

14 

14 

14 

27,067 

28,474 

29,577 

30,478 

29,479 

28,878 

28173 

Peak  Demand  Reduction  Compared  to  Base  Case: 

201 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$14,918 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

500  Ton  Chiller 

350,261 

438,155 

361,489 

274,636 

1,424,541 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

8,689 

-10,983 

3,560 

9,998 

11,264 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$282 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$15,200 
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5.4,2  ECO  IT-2 


Comments:  This  shows  that  shifting  the  schedule  to  make  more  hours  available  for  ice 
production  with  the  resultant  downsizing  of  the  afternoon  chiller  load  does  have  a  beneficial 
effect.  Savings  increased  from  the  $15,200  of  ECO  IT-1  to  almost  $20,000.  Significant  peak 
demand  costs,  however,  are  still  incurred. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

450  Ton  Chiller  346 

352 

355 

356 

356 

356 

351 

Cooling  Tower  Fans  37 

37 

37 

37 

37 

37 

37 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  14 

14 

14 

14 

14 

14 

14 

27,025 

28,431 

29,534 

30,435 

29,435 

28,835 

28,130 

Peak  Demand  Reduction  Compared  to  Base  Case: 

244 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$18,110 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

450  Ton  Chiller 

328,168 

426,614 

350,686 

256,216 

1,361,684 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 

to  Base  Case: 

30,782 

558 

14,363 

28,418 

74,121 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$1,853 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$19,963 
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5.4.3  ECO  IT-3 


Comments:  This  option  clearly  demonstrates  the  importance  of  eliminating  all  peak  demands.  In 
turning  off  the  chilling  plant  during  the  projected  peak  demand  hours,  annual  energy  savings 
Jumped  from  the  $15,200  figure  of  ECO  IT-l  to  almost  $49,000. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

810  Ton  Chiller  496 

0 

0 

0 

0 

0 

0 

Cooling  Tower  Fans  66 

0 

0 

0 

0 

0 

0 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  20 

0 

0 

0 

0 

0 

0 

27,210 

28,028 

29,128 

30,028 

29,028 

28,428 

27728 

Peak  Demand  Reduction  Compared  to  Base  Case: 

651 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

810  Ton  Chiller 

336,084 

435,802 

366,197 

288,333 

1,426,416 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

22,866 

-8,630 

-1,148 

-3,699 

9,389 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$235 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$48,552 
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5.4.4  ECO  IT-4 


Comments:  This  option  of  keeping  the  same  amount  of  afternoon  off  hours  while  lengthening  the 
amount  of  time  during  which  ice  could  be  made  showed  a  very  marginal  improvement  in  savings 
over  ECO  IT-3.  Annual  savings  increased  by  less  than  $1,000,  to  roughly  $49,400. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

635  Ton  Chiller  456 

0 

0 

0 

0 

0 

0 

Cooling  Tower  Fans  51 

0 

0 

0 

0 

0 

0 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  17 

0 

0 

0 

0 

0 

0 

27,152 

28,028 

29,128 

'30,028 

29,028 

28,428 

27,728 

Peak  Demand  Reduction  Compared  to  Base  Case: 

651 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

635  Ton  Chiller 

328,844 

430,629 

358,020 

276,736 

1,394,229 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

30,106 

-3,457 

7,029 

7,898 

41,576 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$1,039 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR  THIS  ECO: 

$49,357 
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5.4.5  ECO  rr-5 


Comments:  As  might  be  expected,  the  "best  case"  approach  of  being  able  to  shut  down  all 
systems  only  during  three  hours  in  the  afternoon  allowed  the  best  aimual  savings  to  be  achieved, 
approaching  $50,000. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

520  Ton  Chiller  399 

407 

0 

0 

0 

411 

406 

Cooling  Tower  Fans  42 

42 

0 

0 

0 

42 

42 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  16 

16 

0 

0 

0 

16 

16 

27,085 

28,493 

29,128 

30,028 

29,028 

28,897 

28,192 

Peak  Demand  Reduction  Compared  to  Base  Case: 

651 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

520  Ton  Chiller 

330,432 

430,572 

355,477 

269,063 

1,385,544 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

28,518 

-3,400 

9,572 

15,571 

50,261 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$1,257 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$49,574 
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SECTION  6 


COST  ESTIMATES,  LCC  PRINTOUTS.  AND  RESULTS 

Appendix  E  contains  the  conceptual  cost  estimates  for  each  of  the  ECO’s  and  the  Base  Case. 

Equipment  sizes  were  determined  from  the  cooling  load  calculations  and  costs  were  obtained  from  sales 
engineers  representing  manufacturers.  Installation  costs  were  taken  from  the  1995  Means  Estimating 
Guides,  and  allowances  were  made  for  associated  materials  such  as  piping  and  insulation.  In  addition, 
costs  were  factored  in  for  associated  work  and  burdens  such  as  controls,  balancing,  and  project  manuals 
and  start-up.  Markup  rates  of  10%  for  overhead  and  profit  and  15%  for  contingencies  were  added  to 
estimate  totals. 

The  LCCID  program  approaches  this  type  of  project  by  comparing  ECO  costs  to  ECO  savings.  As  a 
result,  since  this  is  in  effect  a  replacement  project,  data  was  entered  for  each  of  the  ECO's  by  entering 
the  difference  in  construction  costs  between  the  ECO  and  the  Base  Case  as  the  ECO  cost,  and  the  utility 
cost  difference  between  the  ECO  and  the  Base  Case  as  the  ECO  savings.  An  economic  life  of  20  years 
was  used  for  the  analysis. 

Utility  costs  entered  were  taken  directly  from  the  ICO  utility  cost  summaries  tabulated  in  Section  5.  No 
meaningful  non-energy  recurring  or  non-recurring  costs  are  anticipated  that  would  be  distinguishable 
between  any  of  the  ECO’s  and  the  Base  Case. 

The  resulting  LCC  Analysis  Summaries  for  the  10  ECO’s  are  presented  on  the  following  pages,  and  are 
summarized  below: 


Total  Discounted 

Simple  Payback 

Adjusted 

ECO 

Total  Investment* 

Savings 

Period  (Yrs) 

SIR 

I.R.R. 

m-i 

$  948,394 

$  141,412 

99.99 

.15 

-6.35 

IH-2 

2,231,477 

635,640 

51.81 

.28 

-3.27 

IH-3 

938,656 

135,338 

102.91 

.14 

-6.51 

IH-4 

1,174,666 

632,896 

27.38 

.54 

-.14 

ffl-5 

1,067,969 

697,342 

22.74 

.65 

.83 

IT-1 

536,849 

226,452 

35.32 

.42 

-1.35 

IT-2 

648,009 

298,903 

32.46 

.46 

-.91 

IT-3 

1,048,431 

722,684 

21.59 

.69 

1.10 

IT-4 

968,714 

735,463 

19.63 

.76 

1.59 

IT-5 

759,010 

738,911 

15.31 

.97 

2.86 

♦Compared  to  Base  Case 
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7,  SAVlN0E>  TO  INVF-BTNENT  RATIO  (SIR)”(6  /  1G)=" 

(  I  F‘  <  .1  P  R  0  J  E:  C  1  DOES  N  C]  T  ("1 U  A  L..  I F  Y  ) 


^  D  -  J  U  Ei  T'  E'  D  I  hi  1"  E  F<  N  I...  R  A ‘T'  E  0  F  RE  T  U  R  Tvi  (  A I  R  R  )  ;: 
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LIFE 
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ION 

UJiTA 
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FOR 

J 
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WR 

EG  I 
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PR 

0:1  FCT  M 

0 «  “ 

TITLE 

^  9300 

73-' 

(■)(■) 

17  COL.. 

T) 

THE 

R 

FI 

RCAL.  YET 

AR  19' 

96 

D I ET3R 

ETE 

R 

CRT  ION  N 

AM 

IE  s 

E 

AN 

Ai... YS I  9 

DATE!  s 

T)8- 

■■■;>  i  —  Q  c-. 

EC 

ON 

OMIC  LIF 

p 

2L> 

Y 

1 » 

I NVEST 

MENT' 

A  n 

CONST R 

uc  r  I  Di 

N  COS 

T 

1 

92056^1 

B » 

S  i:  0!-! 

'± 

148698. 

C:. 

DESIGN 

1  COST 

16221 5  - 

D. 

TOTAL 

COST 

( lA+i 

B-+-1C) 

!2 

231477. 

E « 

Si  Af  L..  V  H  i-7  El  V  A 1... 

UE  OF 

EXIST 

ING 

E 

□UIPMENT 

F„ 

PUBLIC 

:  UTIL 

ITY  C 

iOMPANY 

RE 

BA 

TE 

G« 

TOTAL 

INVES 

TMENT 

(ID  - 

•  IE 

— 

IF) 

7 « 

ENERGY 

'  SAVINGS  ( 

-f- )  /  c: 

;G8T 

( 

...) 

DA 

LTE  OF  h- 

1 1 ST  I R 

85-3 

;273-X 

LI  S  p 

D 

FOR  DISCOl 

INT 

F 

U 

N I T  C 

TjR'T 

BAY 

I N 

Ah 

FUEL 

/  MNF- 

\i  1) 

MW 

U/ 

yR  ( 2 ) 

ST 

Yv  I  h 

^!G 

STUDY ;  FL.,.i4ST0R 

L  €:■  c:;  1 1)  f-  y  ■?  5  ( 9  2 ) 


f_>  ^ 

j") 


2231477 


ELECT  ^ 


V  5  _  0  Q 
.  (;)0 
„  0=7 

>"■>  j'  > 


B.  DIBT  $ 

C.  RES ID  ^ 

T)  „  Mf"?  !  17 

E »  COAL  $  . 00 

F „  PPG  $  . 00 

{■••1  1)7  Lj  A I  TO  'dhVv  1  .Nlriw 
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-5247 „ 
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0 
0  u 

C) 

0. 
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Ri 
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•$ 
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IB 
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•$ 

14.88 

•ip 

--83317. 
> ) 
0 . 
0 . 
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0 . 
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3  ^  |\i  (1  )  E  M  E  R  (3  Y  8  A  V I M  (3  S  ( )  /  C  0  S 1“  (  -  ) 
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S  A  V I NGS  ( )  / 
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d  ,  TOTAL. 
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6. 


C . 

TO 

TAL  NO 

N  E 

NERGY  DISCOUNTE 
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/COST( 

-)  (3A2-^3Bd- 

)  •$ 

0, 

FIF 

ST 

YEAR 

DDL 

LAR  SAVINGS 

2N3 

S  H  '•^“  (  Z  B  d  .1  .T  (  r 

RS  ECO 

NON  I  r :  L..  I FE 

)<£ 

43070 . 

SIM 

PL.. 

p.  jl'  V  p- 

ACM 

REIRIOD  (10/ 
/ 

.-■t  •>, 

51. B1  YEARS 

TOT 

AL 

NET  D 

I  SC 

OUNTED  SAVIN 

l.'iR 

( 2N5-J-3C ) 

635640. 

SAV 

'  I N 

BS  TO 

INV 

ESTMENT  RATI 

0 

( S I FO 

~  (6  / 

IG)- 

»  .C  C  - 

(  I 

p: 

<:  1  PR 

OJE 

:CT  DOES  NOT 

QLiA 

L I F  Y  ) 

US 

:TED  IN 

TER 
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RE"  T 
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-•3„27  V 
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L  ;[  F  E;  C  Y  C  L.  E!  cost  a  H  a  !.„  Y  S  ]!  S  S IJ  li  A  l-^  Y  S  T'  U  D  Y  r  i”  L  W  9  7’  Ci  R 

E‘ M E R 0 Y  E ■  0 H S E' F; V A T'  1 0 N  IN v- E' 9 T Rl E. M T  P R D 6 R A Tl  (EC ]’ F‘ )  C (" ■  I D  R Y 9 5  (  9 2  ) 

installation  LOCATION;  FORT  LEONARD  WREGION  HDS .  7  CENEmJS  2  2 

P P }j j  p (" ■  T  |\| n  ^  ^  "}■■  I T'  L  E  "  9 007 2’ -■  0 0 1  7  C [!) !....  I >  T H E!  F-< N A L...  £? T U R A (7 E  A r'-l A L.  Y  9 1 S 

FISCAL  YEAR  .1999  DISCRETE  PORTION  MANE  5  ECO  IH-4 

ANALYSIS  DATE^  OB . 21--95  ECONGNIC  LIFE  20  YEARS  PREPAF(ED  BY;  T=  BRANT 


i ,  INVESTMENT 
H.  CONSTRUCTION  COST 

B,  SIGH 

C.  DESIGN  COST 


97 29 5(7 » 
96469 
105239, 


D.  TOTAL  COST  (lA4lB6iC)  $  1174666, 

E,  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT 

f\  PUBLIC  UTILITY  COMPANY  REBATE  ^ 

G,  TOTAL  INVESTMENT  (ID  -  IE  -  IF) 


$  1174666 


2 ,  ENEF 

(0Y  S 

A V I NGS  ( 6 ) 

/  COST  (-) 

DATE  OF 

■  NIS 

TIR  85-3273 

-X  USED  FDR 

DISCOUNT  FACTORS 

OCT  1994 

UNIT  COST 

SAVINGS 

ANNUAL 

D I  SCGUm" 

Dl 

r- OF 

J... 

f/  niaJN(I) 

MNF-I/YR  ( : 
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p  A  f:  T  0  R  ( -4  ) 

bF 
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ELEC 
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n  T  PT 
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% 

C , 
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1")  _ 
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0  *  ,  00 

t“> 

1  p  ''<f) 

p 

COAL 

0 

■ife  0  , 

1 6 , 62 

F, 

PP0 

$  „  00 

0  n 

$  .  0  „ 

18  „  20 

■$ 
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DEHA 

ND  SAVINGS 

"15  4  b  1  , 
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•$> 

N , 

TOT  A 

} 

_ O  ■»  “7 

^  42898 „ 

•$ 
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ENER 
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•4- )  /  COST  ( 

) 
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44NIJA 

L  F<E:CUF4/IN0 

(  -i-  /  ) 

T 
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i 
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SAO IMG /COST 
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COS 
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COS 
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C:  , 

TOTA 

1 
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0 , 

C, 

rOTAL 

NON  ENERGY 

DISCOUNTED 

9AVINGS(-h)/C0ST(“ 

• ) ( 3A2+3Bd 

4  )  ■$ 

•••‘b6U61 


(’) . 


4.  FI  REST  Y£i4R  DOLLAR  SAYINGS  2N3+3A+ ( 3Bdl ./ ( YRS  EICONDMIC  LIFE))T- 
Ff  c  S I  MF'LE  F' ;■“{  Y  E'4'{  0  H'.  F'EF*!iOD  (.10/4) 


6,  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5r-3C) 


n  V 


27,38  YEARS 


SAVINBEii  TO  INVESTMENT  RATIO 
(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


1  p  ■>  “ 


j-)  7  i  I Q  p  f }  T  h  I T  p  p;;  N  A 1...  R  A  T  F'  0  F  f •(  £:  T  U  R  (  A I F47  )  ^ 
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LIFE  CYCLE  C0S5T  ANALYSIS  SUMMARY  STUDY;  FLWS' 

£;i-,!g;p0Y  CC)N'3EIFTv‘AT  I  ON  INVESTMEINT  F'-'F-E'OGEYAM  (EC  IF’)  LCCID  F'Y9; 

T  N  S  T  A  L.  L-  A  T 1 0  N  L  0  C  A  T 1 0  N :  F  0  R  T  E.'  (.3  N  A  R  D  W  F;  E  G 1 0  M  N  I?  S  =  /  L;  E.  M  S I J  S ;  2 

F'F’n--!E.CT  NCL  &:  TITLE;  '73“001  7  CDI...D  THE.  S  !  UF^hUL  AiNAL  Yb  I  o 

FISCAL  YEAR  199S  DiirRETE  t'-'ORTIOW  NAME:  ECO  IH . 3 

fiNALYSIS  DATE;  08 ---21 --9  3  EEC  GNOMIC  LIFE  20  YEARS  PF^TZPAEREZE)  BY;  T  ,■  J 


1 ,  INVESTMENT 

A.  CONSTF;UCT ION  COST  '$  ET77121 . 

B .  SI O Ei  $  9 .1 2 7" 5  . 

C.  DESIGN  COST  f  99573, 

D.  TOTAL  COST  ( lA+lB-!-iC )  $  1067969. 

E.  SALVAGE  VALUE  OF  EXISTING  EDLIIPMENT  $ 

F.  PUBLIC  UTILITY  COMPANY  REBATE  « 

G.  TOTAL  INVESTMENT  (ID  -  IE  -  IF) 


2.  ENERGY  SAVINGS  (  +  )  /  COST  (--) 

DATE  OF  NISTIR  85---3273-X  USED  FOR  DISCOUNT  FACTUR’S  OCT  1994 


5JN I T  CO  SET 
■$/  NWE-E(l) 


SA V 1 NGS 
MWH/YR ( 2 


ANNUAL  i 
SAVINBSO 


DISCOUNT  DISC 
F ACTOER  (  4  )  ’SA V I 


DUNTEE> 


EE-iZC  i  ■?  l:d,ou 


_  OO 


C.  RES ID  ^ 
D„  NAT  G  ^5 


1 9  1 6 


F,  PF'G  ^  -00 

N«  DEMAND  SAVINGS 
N«  TOTAL 


14«88 


NON  ENERGY  BAVI  NGS  ( -i- )  / 


rn^  T  ( ' 


A  =  ANNUAL  F':ECURR  I NG  (  +  /  ”• ) 

(1)  DISCOUNT  FACTOR  (TABLE  A)  14.E3S 

(  2  )  D I  S G 0 U N T ED  BA V I N G / G C) S  J  { A  X  3 A 1  )  ^ 

B,  NGN  F<ECURRING  SAvINGS(-^“)  /  COSTS  (-■ ) 

SAVINGS  (4-)  VR  DISCNT  DISCOIJNTEI 

I  T  E  M  C  ( J  S  T  ( )  ("3  ('/  FAC  T  I"'-  ci  A  V  i.  H  G?  (  -(• 


d.  TOTAL  ^  O. 

0.  TOTAL  NON  ENERGY  DISCOUNTED  SAV INGS (  +  ) /COST  (  ~ )  (  3A2H-3Bd4  ) «  0. 

4,  FIR'ST  YEAR  DOLLAR  SAVINGS!  2N3+3A+(  3£!dl/ ( YRS  ECONOMIC  E.IE"E-;))$  46956, 

Pr ,  STMF'i  E  F-'AYBAiCF  PEF<IOE>  (lG/4)  2!  2. 7' 4  YE.  A! 

6,  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C)  «  697342. 


SAVINGS  TO  INVESTMENT  RATIO 
(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


i  I P  !  =  (  6  /  1 G  ) 


A  VL  D .  1 S  T  E  D  I N  T  EI  R  N  A  L..  R  A  T  E  (J  F  FF  EI  T  U  R  (  A I  FI  R  )  « 
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- 

IF 
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N 
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FT 

s 

B « 

S I G 

H 

f 

C  a 

DES 

I 

Gr 

.] 

COST 

•$ 

D . 

TOT 

A 

1 

C 

OST 

(1 

Ai-: 

l.B-^-1 

C ) 

•ifc 

E  a 

SAL 

V 

AC 

3E 

VAI... 

UE 

OF 

"  EX 

;t 

I 

NG 

F’ » 

PUB 

L 

U 

U  T I L. 

IT 

Y  i 

2QHP 

AL 

lY 

F’-E 

Ba 

TOT 

.^1 

L 

I 

NVE5 

TNEN‘ 

r  (1 

D 

— 

lb 

7L 

ENER 

f 

SAVI 

NG 

6 

( ) 

/ 

r; 

L 

13  T 

4M  ibK 

s-r  )  '  ‘'■ 

31  ON  r 

‘J  .  7  CENF: 

-|P;RNf  j{ 

^  r.jRAGE  AL 

'i,  -H  b?  i 

rT-.L 

J  YEAR 

S'*  F'*  F*'-  b.  F’  H  F'*!  E  .D 

FL  T-  nF 

•  p.  ,  L  r  9p  - 


BF^  AN  T 


AOOQl  a 

7  (  )  V  7  -M'  a 
^336849  a 


0- 


f  536849, 


DATE  OF  NISTIR  S5-3273-X  USED  FOR  DISCOUNT  FACTORS  DCT  1994 


UJEL 


UN  I T  COST'  SA V I NGS 

$/  MWH(l)  MNH/YR(2) 


ANNlJAs...  $ 
BA V  I  MBS ( 3 ) 


D I  SC  G  i J  N  T  D I B  C7  0  L j  N  T  IF  D 
PPjPTQp  (  4  )  SA  V  I NBB  (  G  ) 


A.  ELECT  T 

B.  DiBT  $ 

C.  RES  ID  t 

D.  MAT  G  ^ 
E  ^  CtjAL  ^2 
F .  PPB  T 


.  OD 
,  oO 
_  (')0 

c  '*  •*  •' 


11  „ 
O  n 

C;  _ 


H  .  D  E  ii  A  D  8  A  V 1  IF  G  B 
N  ::  TG  T  AL¬ 


II  . 


% 


V  , 
T)  . 


O 

1 4918 « 
1 5200 „ 


1 5 . 88 
19.16 
21 . 43 
10. 30 
16.62 
1  H  „ 

14.88 


NON  ENERGY  SAVINGS(+)  /  C09T(-) 

A,  ANNUAL  RECURRING  (+./-) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(  2  >  I)  1 S  C  G  \j  N  T*  E  I)  S  A  V I N  G  /  C  G  S  I"  (  2^  A  X  3  A 1  ) 

B  .  NGN  RECURF7 1 NG  BAv  i  NBB  ( )  /  CuBTS  ( ) 

SAVINGS  (••?") 

I  TEM  CGB'T  (  -  ) 

(  1  ) 


4472 
O  :: 
0  » 
»:">  _ 
0 « 
0 .. 

221980  a 
226452 « 


14 .  SS 


^ 


UG 


D I BGN r 
FACTR 
( 3 ) 


DISCGLiNTED 
3Pjv  I NGB  ( )  / 
COST  (  “■ )  (  4  ) 


d  *  TG  T  AL-  ^  " 

TOTAL  NGN  ENERGY  DI BGOUNTED  BAV  I  NGB  (  4- ) /COST  (  -  )  (  3A2+3Bd4  )  ^ 


V  . 


9  A  'D  J  iJ  B  T  E:  D  I H  'T  E  Fv  Li  A  L 


:  BM 

I  NGS 

2N3  -i“3A-t-  (  3Bd  1 ^ 

FRS  ECONOMIC 

LIFE)  )■$ 

.1 524^0  s 

:riod 

(IG/ 

4  ) 

35L32  YEAR 

ITED  : 

QpfY’  i  K' 

IGS  (2N5+3C) 

$ 

226452. 

ME  NT 

RATI 

□  ( sir; 

)  =  (  6  /  1 G  )  ™ 

A'."' 

DOES 

NOT 

QUAL I FY ) 

RAT^ 

sr  fiF 

RETURN  (AIRR); 

-1.35  % 
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i...  1 F E  ' r L. C' 0 9 ”1"  ANA i.... Y SIS  S LI r  1 N A R Y 
rrrjPKpy  rQM  »-*'’-hTIQM  InVEBTNENT  F'RGRRAM  (ECIP) 


STUDY  ^  FLNSTlJR 
LCCID  FY95  (92) 


.  “i  1 }  )  A 
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14  0 

1 

jL  -  '■  I  ON  s 

FORT 

L.EON 

A  Fa) 

N 

RE 

6I0M  Ni 
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7 
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”r 

r\  p «  Q‘-<ru  \ 

.... 

D  1  7 

COL 

'•’> 

T 

HEFvrlA}... 

STOF^ 

AC 

::P  AKIA'  v 

SIS 

p-  T  f 

ICAL  Y 

EAR 

i_9 

■t’ 

DI3CR 

ETE 

RL!H  i  i 

ON  r 

•I  A 

HE 

;  ECO 

■  "]■ 

ANi- 

N...  YS I S 

DA 

TE  s 

38“-21-“9D 

ECC 

NON  1 0 

L.  I F 

■E 

2 

0  YEAR? 

PRE 

p(- 

ip/pn  HV" 

T „  J „  BRANT 

1. 

I NVES 

THE 

NT 

A « 

CONST 

RUC 

T 1 0 

N 

LOST 

DO(>D 

1  0 . 

B 

S I  OH 

43 , 

C. 

DESIG 

N  r: 

OST 

769 

nA  « 

D. 

TOTAL 

COST 

(1 

A-^“1B-^1C ) 

6  .Lj.  .0  (3 

09  . 

E. 

Qpjl  UA 

BE 

VAL 

UE 

np  exist 

I NB 

EQUIP 

MEN" 

r 

0  n 

F, 

PUBL  I 

r  j 

T I L. 

IT 

Y  CGHPANY 

REBATE 

G„ 

TO'TAL 

IN 

VES 

TNENT  (ID  - 

IE 

IP  ) 

f 

64S0(; 

>9 « 

2. 

ENERG 

Y  9 

AVI 

NG 

S  (-!-)  /  C 

OST 

( -• ) 

DA' 

T'E!  OF 

NIC 

TIR 

B 

5-“-3273-”'X 

USEE 

F'OR 

DISC 

j[j 

iUP 

yj  p:p>rTi 

JRB  G 

iC" 

[•  1994 

UN  I 

T  COST 

SAvl 

NGS 

A 

iNP 

lUAi..  IB 

E 

f  * 

"f  f  si  iplj 

D I SCQUNTED 

FUEL 

.“fr- 

/ 

MNH  ( 1  ) 

r.,-|K  M_ 

./  Y  h'!  ( 

% 

CO 

:AV 

'  I NBS ( 3 

)  F 

Hi 

1  ■  ‘9  (  4  ) 

SAVINGPO  5) 

A.  ELECT  -1^  25»00 

DIET  ^  «00 

C.  RES ID  $  .00 

Ur.  NAT  (3  T  .00 

E.  COAL  $  .00 

F  =.  PFY3  « 00 

jvi  ^  dehand  SAV  I NGS 


74  . 
( >  ^ 
0  r 
0  r. 
0  , 
0  . 


’4= 

tj 


■$ 


f  ) 
0  : 


181 10. 
1  qqa;".;  .. 


i  5 . 80 
19.16 
21  „  43 
IS .  30 

10  „  20 
14. SS 


$ 

f 

T- 

% 


29426 , 


u . 

f)  ^ 

269477. 


N  [  J  N  E  N  E  R  (3  Y  S  A  V I N  (3  S  ( )  /  (J  Q  8  T  ( ) 

A  „  annual  RECURR  I  N(3  I  -i- /  -• ) 

(1)  DISCOUNT  FACTOR  ( fABLE  A^ 

( i  D I  S  C  0  U  N  T  E  D  S  A  v  I N  G  /  C  0  E?  T  (  A  X  3  A 1  ] 

B  .  MON  RECURR  I  N(3  SAv  I  NGS  ( -i- )  /  COSTS  (  -  ) 

9P>y  ] ;k.|(30  ( -h  )  YR 

ITEM  CGBT(-")  GC 

( 1  )  (  2  ) 


14..  BS 


D I SCNT 
FACTR 
( 3 ) 


DISCOUNTED 
I  N(39  (  / 

COST  (  -“ )  (  4  ) 


d  .  TOTAL. 


c. 

TOT 

Al.... 

NON  El 

MERG 

Y  DI 

SCOUNTED 

E>AL 

I  NBS  (  + 

)/c(: 

JST  (  -• )  (  3A2+3Bd4  )  ^ 

FIR 

ST 

YE 

AR  DDL! 

LAP 

SAv  I 

NBS 

2N3-?“3 

:3Bdl/ ( 

YRS 

ECONOMIC  LIFE))i|B 

Q  T  M 

RLE 

P 

AYBACK 

F"'  pi; 

'lOD^^ 

(10/ 

ii.  i 

TUT 

AL 

NE 

T  DISC) 

□UNT 

'ED  S 

;A  V I N 

IBS  ( 2 

TMO*^ 

h3C ) 

RAV 

I  NG 

’■S 

TO  INV; 

E  rtf 

!ENT 

RAT  I 

0 

(SIR 

)  -  i  i 

b  ./  1 G  )  ™ 

( :[ 

p  /;• 

1 

PRGJE 

rj  r 

)UES 

NGT 

lsOhL.  .1. 

F'Y  ■ 

\ 

ADD 

UST 

■pn 

'  INTER 

NAL. 

RA’TE! 

:  OF 

RET  UR 

!  i\}  ! 

■  \  pi'p!.'  (  " 
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L‘  >  ^  FL.WS1"(jh 


L I F  E.  C  ("■  F  h  C  ( J  3  T'  A  U  A  L.  Y  SIS  S IJ  M  A  R  V 
PMPpgy  CGN; 'F-  -TIGN  I  NvEST1'iE:'NT  F''F  ^  *'F'  IP;  ’  ‘  F- '■ 

TNSTALLATIOrl’®:  LD>-m’-IONs  FORT  LEONARD  l.RFOION  r ,  7 

PRO-,1  EOT  NO„  &:  TITLE:  930073-0017  COLD  THFPNr'  SrORAGE  ANAL YO 10 
p  •}•  Q  p  .Cj  I  Y  P  A  R  1 9  9  h  D I S  C  R  E  1 13  P  (.i  T 1!  (li  r'-i  A  h  E.  s  IF’  i  ■-> 

AMAi...VSIS  DATE:  08--2i-95  ECDNOniC  LIFE  20  E^--■S  F-’REF'ARED  BY;  T. 


GRANT 


H  . 

B- 
C , 


INVESTMEl'-iT' 
CONSTRUCTION  COST 
S I  OH 

DESIGN  COST 


dc._ 


D,  TOTAL  COST  (lA  +  lB-t-lC) 


9C^43!3  . 
99A43 
1048431 


E. 

F 


value  of  existing  EQUIF’NENT  ^ 
PUBLIC  UTILITY  COMPANY  REBATE 


G„  TOTAL  INVESTMENT  (ID 


1  p: 


IF) 


1  04E3431 « 


2  »  ENEF^GY  SAV I  MGS  ( )  /  COST  (  -• ) 
DATE  OF  N I STIR  S5-3273 
UNIT  COST 

FUEL 


%  /  MUF-l  ( 1  )  MNi  i  /  YF<  (  2  ) 


USED  FOR  DISCOUNT  FACTORS  OCT  1994 
9  A  V I N  G  S  A  N  hi  U  A 1.  D 1 S  C  ( J  U  N  T‘ 

SAV I NGS ( 3 ) 


D I SCOUMTED 
FACTOR ( 4 )  SAV I NGS ( 5 ) 


A.  ELECT  ^  25.00 


B.  DIST  ^ 

C.  RES ID  $ 
D „  NAT  0  ^ 


,  00 


E„  COAL  $ 


PPG 


% 


..  00 
.  00 
.  OC) 


0  . 
(■>  ^ 
Oi , 


M.  DEMAND  SAVINGS 
N„  TOTAL 


0  i 

48552= 


1 5 .  BB 
19.16 
21 . 43 
10.30 
16 . 62 
18.20 
1  4  ..  HR 


)■)  ^ 

0  * 


•.p 


NGN  ENEI30Y  SAV  I  NGS  ( )  /  COST  ( 


A  „  ANNUA!....  RECURR I NG  (  / . ) 

\  ‘\  \  D I  SGOl.iNT  FAC  r OR  (  fRHLE  Hj 

(2)  DISCOUNTED  SAVING/CDST  ( 3A  X  3A1 ) 


1  HH 


B.  NGN  RECURRING  3AVINGS(-!")  ./  COSTS  ( . ) 


T  TEM 


AV  I  NGEl:  ( •  ) 

CO SI ( . ) 

(  1  ) 


OC 

(2) 


DISCNT 
p  A  (li  T  {■“' 
(3) 


DIBCDUNTED 
SRO I  NGS  ( -i" )  / 
COST  ( ••••• )  (  4  ) 


O . 


d.  TOTAL  ^ 

Cn  TOTAL  NON  ENERGY  DIE>COUNTED  SAV  I  NGS  ( -h  ) /COST  ( -■ )  (  3A2+3Bd4  ) 
RIRSJ  YEAR  DOLLAR  SAVINGS  2N3H-3A-t- ( 3Bd  1/ ( YRS  ECONOnlC  LIFE)}$ 
S I MPLE:  P AYBACFI  PER  i  UD  ^  ( 1 G ./ 4  ) 


48552. 
21.59  YEARS 


TOTAL  NET  DISCOUNTED  SAVINGS  (2N5-F3C) 

(  9  T  p;; )  =.  (  A  /  1  G  )  ^ 


SAVINGS  TO  INVESTMENT  RATIO 

/TP  P  1  PROPF 


|\jQT  OUALIFY) 
AFFNSTED  INTEIyNAL  F<ATE  OF’  RETUFF'i  (hIRR)  ^ 


1  «  10  A 
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L  I  F l;i  C  Y C L- E  C 0 9 T’  A !M A L..  V S I  9  S L) r\ M A R  Y  S T U D  Y  s  F’ I..  H S T ( j R 

E  M  E*  R  Y  C  C  J  N  S  E  R  A  T I C  J  pi  I N  V  E!  S  7'  M  E!  N  'T  F'  R  ( J  G  F<  A  M  (  F  J  G  ;  L-.  C  C":  I  D  F"  Y  9  5  (92) 

1‘  M  9  T  I  i..  A  T  ];  0  pi  ^  L...  (3  ( J  A  T 1 Q  N  i  F"  G  R  J  L..  E  G  N  A 17  D  FJ 17  E.  G I IJ  N  I!  ’P  7  .  7  C':  E  H  3  G  S  "  2 

P  R  0  E.  C  '1'  M  ( J  »  ^  1"  1 7'  L  E“  s  9  7= 0 0 7  7‘ "  C>  G 1 7  C I J  L..  D  7'  R  EF  F<  M  h  L...  o  1  (3  F<  A  B  E-  ANA  1...  Y  I 

f:  T  9  (3  A  L  Y  IE!  A  R  1996  D I S  (3  R  E  T  E  1 '*  F<  7’  11 G  17  A  N  E, "  E IJ  G  IF  •"  4 

AMALYEEIE;  DATEE^  0E7--21-‘'9G  EECnNlJMIC  L.  IF4E  20  YEAF7S  FY<EF'AF<En3  BY);  TO  J«  hF';  AN  i 


1  ,  INVESETMEN  r 

A  =  C  (3  N  B  7  R IJ  (3  T'  I  ( J 17  C  O  FE  T  $ 

B  ,  SI 0)7 

C.  DESIGN  COST  ^ 

TOTAL  COST  (lA-MB-i-lC) 

F»  SALVAGE  VALUE  OF  EXISTING  EEOU I  FLUENT  $ 
FO  PIJBLI(3  UTILITY  (3nHPAI7Y  REBATE  $ 

Fir  TOTAL.  INVES7’MENT  (ID  IE  “*•  IF") 


787991 « 
3 64 373 » 

9.4290 , 

963714. 


968714  .. 


2.  ENERGY  SAVINGS  ( -i- ) 
DATE  OF  N I  STIR  85"-3273 
UNIT  COST 
FUEL  HUFKl) 


COST  ( ) 

<  USED  FOR  DISCOUNT  FACTORS  OCT  1994 

savings  annual  ^ 

SAVINBS(3) 


nUH/YR(2) 


D I SCOIJNT  D I SCGUNTED 
FACTOR ( 4 )  S AV I NGB ( 5 ) 


A.  ELECT  $  25.00 
B  .  D I  SI"  ^ 

C.  RES ID  $ 
n  ^  NAT  0  * 

E .  COAL  $ 

P- .  PPG 


,  ol> 
,  00 
,  02 
,  00 
_  r>r> 


N.  12?'“!.-}'!!)  SAVINGS 
N„  Tl"  -i 

3.  MON  ENERGY  SAVINGS(-^ 


f")  „ 
»:") . 
0  :: 
0  . 


42 


‘i{B 

IE 

iE 


0  , 
O  : 
()  . 


f  40:317. 
49356. 


1 5 .  SS 
19.16 
21.43 
1 S .  30 
16;:  62 
18.20 
14.88 


16506. 
C) . 


0. 

^10957  c 
035463. 


A  „  an U A I....  R E. C U R Fa  N G  ^  -J-  /  -• ) 

\  1.)  DI8CnUN7'  i’r*"  "‘j"-'  (  ‘  '  uE 

(2)  DIBCDUNTED  ‘M- 


1  4  R8 


j  J  i  (  .J;-.  f--<  .,';i  f"’;  J,  i 


B.  NGN  RECURRING  SAVI NGS  ( ■•^- ) 
I  TEN 


./  G"^"3( 

/IMi.^,  i  ) 

;:(3ST  (  ) 

(  1  ) 


Yp  DISC NT 

GC  FACTR 


DI SCGUNTED 
S  Av’  I N0S  ( )  .• 
COST  (  -- )  (  4  ) 


d .  TuTAi...  0 .  “ 

C.  TOTAL.  NON  ENERGY  DISCOL.INTED  SAV I NGS  ( + ) /COST  (  -  )  ( 3A2-!-3Bcl4  ) '$  0. 

4.  FitRST  YEAF;  .OOL.LAR  SAVINGS  2N3+3A+ ( 3Bd  .1/ ( YRS  ECONOMIC  LIFE))-®  49356., 

5.  SIHPL.E  PAYBACK  PER10D2ie/4)  19,63  YEAR 

6.  TOT.AL  NET  .DISCOl.JNTED  SAVINGS  (2N5+3C)  ^  735463, 


7,  SAVINGS  TO  INVESTHENT 


(SIR 


L  H  ^  “ 


OF  RE'TTJRr-i 


i  D,  T 


'!  -  R9  /I 
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LIFi:-:  CVCLF  COST  ANALYSTS  SUMMARY  SmjDY ;  FLWSTuR 

ENFiRGY  CON'-’!.  AT  I  CjN  INVESTMENT  F'-'ROGRAM  (ECIP)  LCCID  F-V95  C^. 

r Tii|  i  ATTnKj  j.;  LOC.AT  [  *-  o  FAOF  T  LERONAFYD  WREEG.ION  NUS.,  l'L'';-- 
pfJnVFTT  NO.  TITLE;  930073--00.17  COLD  THEERMAL  STORAGE  ANi-;L,VSIS 
F'ISCAi...  YEIAF’;  .1,996  E>ISCRE-n’E  POFTTION  NAMb. :  EOLi  1  !  -5 

ANALYSIS  DATE;  08-21-90  ECONOMIC  LIF’E  20  YEARS  PREPARED  BY;  T.  J.  OF 


.±  7  A  O  ', 


1 ,  INVESTMENT 

A  .  C  O  N  S  T  R  U  C "!’  1 0  N  C  Q  S  T  S  5 9 9 9 4 2  ... 

B.  SI OH  T  76076. 

C.  DESIGN  COST  f  S2992 „ 

D.  TOTAL  COST  ( 1  A-s-iB-MC )  $  759010. 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT  $ 

F.  PUBLIC  UTILITY  COMPANY  REBATE  * 

G.  TOTAL,  INVESTMENT  (ID  ~  IE  -  IF) 


59010 . 


2.  [ENERGY  SAVINGS  (  +  )  .X  COST  ( - ) 

E>ATE  OF  NISTIR  85-3273-X  USED  F-OR  DISCOUNT  FACTORS  C 
UNIT  COST  SAVINGS  ANNIJaL  '5  ! 

FI  iP'i..  MWH(l)  MWH.'''YR’ {  2  )  tlAiV I NGS ( 3 )  F 


DUNT  FACTORS  OCT  1994 

ANNUAL  ■$  DISCOUNT  DISCOUN" 

SAV I NGS ( 3 )  FACTOR ( 4 )  SAV I NGS 


A.  EL.ECT  $  25.00 


1 5 . 90  fs 


C.  RES  ID  •*  .OO 

r>  ^  fa  AT  G  $  .  00 

E.  COAL  .00 

F.  PPG  f  .00 

M,  DEMAND)  SAVINGS 

N.  TOTAL 


1  R  -  3T)  $ 


/  i.o 


NON  EINFEIRO '/  SRV.lNGSi 


AfawijAL.  RECUF?R  I NB  ( -i- -  ) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

12)  DISCOUNTED  SAVIMG/COETT  ( 3A  X 


14.9? 


NON  RECUFR I NG  SAV  I  NGS  (  +• )  /  COG  •  S 

9AVI  NGS  ( -i- ) 

ITEM  COST(-) 


YR  DISC NT 

OC  F"ACTf9 


DISCOUNTED 
QAy TNGS  f  +  F 


d.  TOTAL  $  0.  O. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAV  I  NGS  ( -f- )  ./COST  (  -  )  ( 3A2H-3Bd4  )  t> 

4.  F-’IfRST  YEAR  DOLLAF:  SAVINGS  2N3-I-3A"!- (  3Bd  1,/ ( YFVS  ECONOMIC  LIFE))‘D  4?f; 

5.  SIMPLE  PAYBACK  PERIOD  (iG/4)  15=31 


TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C) 


7.  SAVINGS  TO  INVESTMENT  FLAT  10  (SIF;)==(6  /  IB)--- 

(IF  <  1  F-‘ROJECT  DOES  NOT  QUALIFY) 


o  a  AI)u  IJ3T  fc.  }.  N  •  E.  HNhl. 


nr  h:ETlJF^M 
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As  can  be  seen,  none  of  the  ECO’s  meet  the  required  SIR  hurdle  of  1.25,  including  the  "optimized" 
cases.  The  conclusion  is  that  cold  thermal  storage  is  a  non-feasible  approach  to  reducing  utility  costs  at 
Fort  Leonard  Wood.  The  reasons  for  this  are  very  basic. 

First,  cold  thermal  storage  systems  are  extremely  expensive  to  install,  compared  to  conventional  chilled 
water  generators  such  as  centrifugal  chillers.  The  difference  in  first  costs  can  be  amortized  over  a 
reasonable  period  of  time,  but  only  if  demand  and  energy  charges  avoided  are  high,  such  as  exist  on  the 
east  coast  of  the  United  States.  However,  the  rates  being  charged  at  Fort  Leonard  Wood  are  among  the 
lowest  in  the  country.  The  accompanying  table,  from  the  7/95  issue  of  Energy  User  News,  reflects  this. 
It  shows  that,  at  the  current  rate  of  2.50  cents  per  KWHR,  had  Ft.  Leonard  Wood’s  utility  company 
been  included  in  this  list  it  would  have  been  one  of  the  cheapest  rates  in  the  country,  ranking  in  the  top 
2.5%  of  those  listed.  While  this  table  reflects  energy  charges  only,  it  is  generally  the  case  that  energy 
rates  and  demand  rates  go  hand-in-hand.  Such  systems  can  also  be  made  feasible  if  the  local  utility  has 
financing  or  cash  contribution  incentives  which  can  be  applied  against  first  costs.  However,  the  local 
utility  has  no  such  programs  available. 

A  contributing  factor  which  hurts  the  viability  of  cold  thermal  storage  is  the  need  to  have  cooling 
available  at  night  for  the  Barracks  buildings.  Most  cold  thermal  storage  systems  are  successfully 
employed  only  on  buildings  which  have  a  regular  "down  time"  such  as  office  buildings,  which  are 
closed  at  nights  and  over  weekends.  Such  downtime  allows  the  ice  system  to  devote  itself  exclusively  to 
re-charging  of  the  ice  tanks,  without  the  need  to  simultaneously  provide  cooling.  Such  a  need  for 
concurrent  cooling  drives  the  installed  cost  of  the  system  up  very  significantly. 
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RANKING  OF  ELECTRICITY  PRICES 


INDUSTRIAL 


RaiA 

1. 

2. 

X 

A. 

5. 

b. 

7, 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
2Z 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
3Z 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 
5Z 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 
61. 
6Z 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 
81. 
8Z 

83. 

84. 

85. 


CtsAwk 

Sttti 

UTJUTY 

Cwnkwti 

Rank 

1171 

*  Hi 

Hawaii  Hec.  Ught 

0.0% 

8b. 

1170 

NY 

Consolidated  Edison 

0.1% 

87. 

10.86 

.  Hi 

Maui  Hectric 

07% 

88. 

9.98 

.NH 

PS.  New  Hampshire 

0.4% 

89. 

9.82 

►  Ma 

Commonweal^  Elec 

.  0.4% 

90. 

9.21 

t  RI 

Blackstone  Valley  Hec, 

05% 

91. 

8.87 

^  Ct 

United  Olum. 

05% 

91 

8.78 

r  Hi 

Hawaiian  Hectric 

t  1.0% 

93. 

8.51 

^  Ma 

W.  Massachusetts  Elec 

1.1% 

94. 

8.49 

F  NJ 

Jersey  Central  P&L 

r  1.6% 

95. 

8.46 

.  Ma 

Boston  Edison 

1.8% 

%. 

850 

L'  NJ 

Atlantic  Gty  Hectric 

1.9% 

97. 

871 

•  Ca 

Los  Angeles  Dept  W&P 

16% 

98. 

871 

;  ^ 

Central  Maine  Power 

L  3.1% 

99. 

7.80 

r  NJ 

Public  Service  E4tG 

4.2% 

100. 

7.64 

r  Q 

Connecticut  L&P 

4.7% 

101. 

7.63 

t  RI 

Narragansett  Hec 

r  45% 

101 

751 

i'  P« 

Peco  ^ergy 

65% 

103. 

7.42 

LMe 

Bangor  Hydroelectric 

L  6.9% 

104, 

7.12 

‘NY 

Orange /Rockland  Utils. 

V  7.0%  ■ 

105. 

6.64 

JCA 

Sacramento  MUD 

75% 

10b. 

651 

1  c. 

S.  Calif.  Edison 

^107% 

107. 

6.41 

r  Vt 

Central  Vermont  PS. 

103% 

108. 

6.38 

Az' 

Ttjcson  Hec.  Power 

10.7% 

109. 

652 

Qcveland  Hec.  Hum. 

11.6% 

110. 

670 

:  Ca 

San  Diego  G&E 

110% 

111. 

6.17 

i  Ca 

Pacific  G&E 

145% 

Ill 

6.15 

TMa 

Massachusetts  Hec. 

15.0% 

113. 

6.10 

r  n 

Commonwealth  Edison 

17.9% 

114. 

5.85 

l  Oh 

(Me  Edison 

197% 

115. 

5.84 

^  Pa’ 

Duquesne  Ught 

E:i9.6% 

116. 

5.71 

iAk 

Golden  Valley  Hec. 

19.6% 

117. 

558 

1  Md 

Delmarva  P&L 

19.6% 

118. 

553 

Mississippi  P&L 

t20.0%? 

119, 

5.50 

^Mi 

Detroit  Edison 

,215% 

120. 

5.45 

1  Ar 

Arkansas  P&L 

225% 

121. 

5.43 

&vt: 

Green  Mountain  Power. 

:7i6%- 

121 

5.40 

Pennsylvania  P&L 

.235%' 

123. 

558 

r  Mi 

Consumers  Power 

25.4% 

124. 

555 

Sierra  Pacific  Power 

r25.8%. 

125. 

551 

fNM' 

PS  New  Mexico 

/255%-‘ 

126. 

579 

r  Az 

Arizona  PS 

26.4% 

127. 

5.18 

fiGa: 

Cobb  Hectric 

^  26.4*%: 

128. 

5.07 

fNY 

Niagara  Mohawk  Pwr. 

27.9% 

129. 

5.06 

Lny 

Central  Hudson  G&E 

r28.0%^ 

130. 

5.05 

f  NC 

Fayetteville  PW 

^  28.1%'/ 

131. 

5.04 

Tnc^ 

Carolina  P&L 

/295%- 

131 

5.02 

L  Md 

Baltimore  Gas  &  Hec 

1:31.1% 

133. 

5.00 

t  H 

Florida  Power 

^'315%;: 

134, 

4.98 

?rn 

Volunteer  Hec  Coop 

?315% 

135. 

4.94 

Potomac  Edison 

t31.6%- 

136. 

4.92 

k;Ks^ 

Kansas  Oty  P&L 

^317%« 

137. 

4.91 

r  H- 

Florida  P&L 

F  311%  ’ 

138. 

4.89 

^  A1 

Huntsville  agency 

;:313%^ 

139. 

4.88 

r  Oh; 

Columbus  S.  Power 

f317%; 

140. 

4.87 

l-Tn- 

Nashville  Elec.  Sve 

e:33.4%-*^ 

141. 

4.86 

rKj 

Western  Resources 

r34:i%2 

141 

4.85 

[ND. 

MDU  Resources 

1347%>' 

143. 

4.85 

’SO. 

Carolina  P&L 

^45%^ 

144. 

4.85 

1  Tn 

Knox\'ille  Agency 

/34.8%: 

145. 

4.80 

feWa:^ 

Puget  Sound  P&L 

k353%-: 

146. 

4.79 

POt 

Jackson  Hec 

t35.4%? 

147. 

4.79 

UiL 

Illinois  Power 

^4%i 

148. 

4.77 

UNv. 

Nevada  Power 

^36.9%* 

149. 

4.70 

pPa: 

West  Penn  Power 

[  37.9%n 

150. 

4.69 

[no 

Virginia  E&P 

'387%: 

151. 

4.66 

Indiana/Mich.  Pwr. 

b387%i 

151 

4.64 

Potomac  Hectric 

r387%: 

153. 

4.61 

Jnd, 

Otter  Tail  Power 

r.383%^ 

154. 

459 

Austin  agency 

^4%: 

155. 

459 

Gulf  States  Utilities 

r39.4%i 

156. 

458 

P  Tn; 

Chattanooga  agency 

^395% 

157. 

457  ^ 

ICO; 

PS  Colorado  j 

405%. 

158. 

457 

f  Wi  - 

Northern  States  Power  ! 

^405%: 

159. 

456 

\ 

Cincinnati  G&E  ; 

» 415%; 

160. 

455 

/-Mi 

Lansing  Bd.  W&L  5 

41.6% 

161. 

454 

T  SD- 

Black  Hills  Corp.  F4L6% 

161 

453 

‘  H 

Tampa  Hec  r  410% 

163. 

4.49 

k  SD 

Northwestern  P5. 

410% 

164. 

4.49 

1  rx 

San  Antonio  PS  Bd. 

414% 

165. 

4.47 

■  Tx 

Houston  L&P 

455% 

166. 

4.43 

Mn 

Otter  Tail  Power 

45.9% 

167. 

4.43 

1  ^ 

C.  Illinois  PS 

467% 

168. 

4.41 

Ky 

"Union  L,  H&P" 

463% 

169. 

4.41 

.  WV 

Monongahela  Power 

46.9% 

170. 

Tlwse  prices  represent  wbat  etectric  utilities  ctorged  industTtai  customtn  in  Marcti  1995,  b 
prices  may  not  reflect  what  iiKlmduai  customers  Y«ers  cttaix^al  Prices  inchide  de^ 
astomers  have  been  einenitad  to  rnore  closeiy  represent  actual  per  kwh  costs  to  most  custc 
that  do  rwt  conespond  to  what  custorTWS  were  tiled  The  curreiative  icwh  peroenlie  Ms  what 
those  abOM  it  ranking  as  more  costiy.  Sourer  DOE  term  EtA-826  and  EUN  survey. 


unuTY  Cam  kwh 

Delmarva  P&L  47.3% 

Gulf  Power  475% 

Northern  States  Power  49.4% 

Northern  States  Power  .  495% 

Virginia  E&P  50.7% 

Georgia  Power  53.9% 

Salt  Wver  Project  545% 

UtiliCorp  United  •  54.4% 

Texas  Utilies  Elec  575%  ^ 

Indianapolis  P&L  58.1% 

Northern  Indiana  PS  59.4% 

South  Carolina  £&G  60.0% 

Indiana /Mich.  Pwr.  60.8%  I 

Union  Electric  615%  | 

Memphis  agency  ’  617% 

Duke  Power  Co.  *  63.8% 

St.  Joseph  L&P  i  63.9% 

-  NewOrleansPS  1645% 

R  Collins  IMP  f  64.0% 

Savannah  E4cP  *  64.1% 

Kansas  City  P&L  [64.4% 

Southwestern  PS  1 64.6% 

Potomac  Electric  *  64,6% 

C.  Louisiana  Elec.  !  64.9% 

Wisconsin  Elec.  Power  ^  66.0% 
Colorado  Spr.  Util.  1  665% 

Midwest  Pw  Sys  t  665% 

PacifiCorp  [  67.1%  ! 

Portland  GE  [  67.6%  I 

C.  Illinois  Ught  L  67.9%  I 

Duke  Power  Co.  ,  69.4%  i 

Kansas  City  BPU  "695% 

Appalachian  Power  \  70.1%  : 

t  aiy  Utilities  1:70,1%  | 

Alabama  Power  1 71J% 

Lincoln  Elec.  System  k  72.7%  ! 

;  Decatur  Utilities  f  725% 

Grand  Island  Hec.  1 72.9%  : 

PUD  No.  1  Snohomish  '  73.0%  | 

■  Washington  Water  Pwr7  73.1%  j 

Minnesota  P&L  f  74.0% 

PacifiCorp  ‘745% 

-  lowa-Dlinois  G4cE  1 75.0%  ! 

Wisconsin  P&L  [  755%  i 

S.  Indiana  G&E  ;  75.7% 

Louisiana  P&L  *:  77.7% 

•  "Cheyenne  L,  F&P-  f  777% 

LouisviUeG&E  t78.1% 

PacifiCorp  [r78.1% 

PSI  Energy  ^  795% 

Mississippi  Pwr  |'795% 

1  Interstate  Power  f  80,1% 

PS  Oklahoma  r  807% 

^  Appalachian  Power  MlA% 

f  Gulf  States  Utilities  i  827% 

j  Southwestern  Elec  Pwr.^  82.4% 

Kentucky  Utilities  \  819% 

f  ms  Utilities  ^83.4% 

Central  Power  &  Ught  |84,4% 

PacifiCorp  f  85.1% 

Seattle  City  Ught  r855% 

:  Empire  District  Elec  ?^85.4% 

i  Nebraska  PPD  { 855% 

Omaha  PPD  1857% 

i  Texas-N.M.  Power  { 85.9% 

Wisconsin  PS  f  865% 

*  Potomac  Edison  1 66.9% 

:  Montana  Power  J875% 

Washington  Water  Pwri^  87.4% 
SC  Public  Sve  Audu  fe88.1% 

s  Oklahoma  G&E  V888% 

C^o  Power  ■  915% 

Grand  River  Dam  Autiv  915% 
FUD#iaarkCty.  j  915% 

Kentucky  Power  Co.  910% 

Tacoma  DPU  914% 

PacifiCorp  [  916% 

Green  River  Electric  :  93.1% 

Bonneville  Power  Admin935% 
Bonneville  Power  Admin938% 
Idaho  Power  94.4% 

Bonneville  Power  Adinin967% 
NY  State  Power  Auth.  968% 

Hec.  Energy  Inc  978% 

Ohio  Valley  Electric  100.0% 


based  on  dividing  total  revenue  by  total  kwh  told  to  these  customers.Thesc 

r.  and  tuei  adiustmem  charges.  Vidiere  possible,  tpecal  ndi  programs  tor  tani* 

orneo.  Soriw  utilities  mate  artxtTary  one-fnorim  adfustmertt 
s  periteti  o(  the  surveyed  utities’ tote  kwh  we  soto  by  the  inMuil 
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GENERAL  SCOPE  OF  WORK 
FOR  A 

LIMITED  ENERGY  STUDY 
THERMAL  STORAGE  AT 
CENTRAL  CHILLED  WATER  PLANT 
FORT  LEONARD  WOOD,  MISSOURI 


Performed  as  part  of  the 
ENERGY  ENGINEERING  ANALYSIS  PROGRAM  (EEAP) 
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1.  BRIEF  nF.qcRiPTION  OF  WORK:  The  Architect-Engineer  (AE) 
shall: 

1.1  Review  the  previously  completed  Energy  Engineering 
Analysis  Program  (EEAP)  study  which  applies  to  the  specific 
building/  system,  or  energy  conservation  opportunity  (ECO) 
covered  by  this  study . 

1.2  Perform  a  limited  site  survey  of  specific  buildings  or 
areas  to  collect  all  data  required  to  evaluate  the  specific  ECOs 
included  in  this  study, 

1.3  Reevaluate  the  specific  project  or  ECO  from  the 
previous  study  to  determine  its  economic  feasibility  based  on 
revised  criteria,  current  site  conditions  and  technical 
applicability. 

1.4  Evaluate  specific  ECOs  to  determine  their  energy 
savings  potential  and  economic  feasibility. 

1.5  Provide  project  documentation,  for  recommended  ECOs  as 
detailed  herein. 

1.6  Prepare  a  comprehensive  report  to  document  all  work 
performed,  the  results  and  all  recommendations, 

2.  GENERAL 

2.1  This  study  is  limited  to  the  evaluation  of  the  specific 
buildings,  systems,  or  ECOs  listed  in  Annex  A,  DETAILED  SCOPE  OF 
WORK. 

2.2  The  information  and  analysis  outlined  herein  are 
considered  to  be  minimum  requirements  for  adequate  performance 
of  this  study. 

2.3  For  the  buildings,  systems  or  ECOs  listed  in  Annex  A, 
all  methods  of  energy  conservation  which  are^  reasonable  and 
practical  shall  be  considered,  including  improvements _  of 
operational  methods  and  procedures  as  well  as  the  physical 
^-^ciiities.  All  energy  conservation  opportunities  which  produce 
energy  or  dollar  savings  shall  be  documented  in  this  report. 
Any  energy  conservation  opportunity  considered  infeasible  shall 
also  be  documented  in  the  report  with  reasons  for  elimination. 

2.4  The  study  shall  consider  the  use  of  all  energy  sources 
applicable  to  each  building,  system,  or  ECO. 

2.5  The  "Energy  Conservation  Investment  Program  (ECIP) 
Guidance",  described  in  letter  from  DAIM-FDF-U,  dated  10  January 
1994  establishes  criteria  for  ECIP  projects  and  shall  be  used 
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£q]-  pej^fonning  ths  economic  analyses  of  all  ECOs  and.  projects. 
The  program.  Life  Cycle  Cost  In  Design  (LCCID) ,  has  been 
developed  for  performing  life  cycle  cost  calculations  in 
accordance  with  ECIP  guidelines  and  is  referenced  in  the  ECIP 
Guidance.  If  any  program  other  than  LCCID  is  proposed  for  life 
cycle  cost  analysis,  it  must  use  the  mode  of  calculation 
specified  in  the  ECIP  Guidance.  The  output  must  be  in  the  format 
of  the  ECIP  LCCA  summary  sheet,  and  it  must  be  submitted  for 
approval  to  the  Contracting  Officer. 

2.6  Computer  modeling  will  be  used  to  determine  the  energy 
savings  of  ECOs  which  would  replace  or  significantly  change  an 
existing  heating,  ventilating,  and  air“conditioning  (HVAC) 
system.  The  rquirement  to  use  computer  modeling  applies  only  to 
heated  and  air-conditioned  or  air-conditioned-only  buildings 
which  exceed  8,000  square  feet  or  heated-only  buildings  in 
excess  of  20,000  square  feet.  Modeling  will  be  done  using  a 
professionally  recognized  and  proven  computer  program  or 
programs  that  integrate  architectural  features  with 
air-conditioning,  heating,  lighting  and  other  energy-producing 
or  consuming  systems.  These  programs  will  be  capable  of 
simulating  the  features,  systems,  and  thermal  loads  of  the 
building  under  study.  The  program  will  use  established  weather 
data  files  and  may  perform  calculations  on  a  true  hour-by-hour 
jjasis  or  may  condense  the  weather  files  and  the  number  of 
calculations  into  several  "typical"  days  per  month.  The  Detailed 
Scope  of  Work,  Annex  A,  will  list  programs  that  are  acceptable 
to  the  Contracting  Officer.  If  the  AE  desires  to  use  a  different 
program,  it  must  be  submitted  for  approval  with  a  sample  run,  an 
explanation  of  all  input  and  output  data,  and  a  summary  of 
program  methodology  and  energy  evaluation  capabilities. 

2 . 7  Energy  conservation  opportunities  determined  to  be 
technically  and  economically  feasible  shall  be  developed  into 
projects  acceptable  to  installation  personnel.  This  may  involve 
combining  similar  ECOs  into  larger  packages  which  will  c^alify 
for  ECIP,  MCA,  or  PCIP  funding,  and-  determining  in  coordination 
vith  installation  personnel  the  appropriate  packaging  and 
implementation  approach  for  all  feasible  ECOs. 

-2.7.1  Projects  which  qualify  for  ECIP  funding  shall  be 
identified,  separately  listed,  and  prioritized  by  the  Savings  to 
Investment  Ratio  (SIR) . 

2.7.2  All  feasible  non-ECIP  projects  shall  be  ranked  in 
order  of  highest  to  lowest  SIR. 

2.7.3  At  some  installations  Energy  Conservation  and  Manage¬ 
ment  (ECAM)  funding  will  be  used  instead  of  ECIP  funding.  The 
criteria  for  each  program  is  the  same.  The  Director  of 
Engineering  and  Housing  will  indicate  which  program  is  used  at 
this  installation.  This  Scope  of  Work  mentions  only  ECIP, 
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however,  ECAM  is  also  meant. 
3.  PROJECT  MANAGEMENT 


3.1  Project  Managers.  The  AE  shall  designate  a  project 
manager  to  serve  as  a  point  of  contact  and  liaison  for  work 
required  under  this  contract.  Upon  award  of  this  contract,  the 
individual  shall  be  immediately  designated  in  writing.  The  AE's 
designated  project  manager  shall  be  approved  by  the  Contracting 
Officer  prior  to  commencement  of  work.  This  designated 
individual  shall  be  responsible  for  coordination  of  work 
required  under  this  contract.  The  Contracting  Officer  will 
designate  a  project  manager  to  serve  as  the  Government's  point 
of  contact  and  liaison  for  all  work  required  under  this 
contract.  This  individual  will  be  the  Government's 
representative. 

3.2  Tnstallation  Assistance.  The  Commanding  Officer  or 
authorized  representative  at  the  installation  will  designate  an 
individual  to  assist  the  AE  in  obtaining  information  and 
establishing  contacts  necessary  to  accomplish  the  work  required 
under  this  contract.  This  individual  will  be  the  installation 
representative . 

3.3  Public  Disclosures .  The  AE  shall  make  no  public 
announcements  or  disclosures  relative  to  information  contained 
or  developed  in  this  contract,  except  as  authorized  by  the 
Contracting  Officer. 

3.4  Meetings.  Meetings  will  be  scheduled  whenever 
requested  by  the  AE  or  the  Contracting  Officer  for  the 
resolution  of  questions  or  problems  encountered  in  the 
performance  of  the  work.  The  AE's  project  manager  and  the 
Government's  representative  shall  be  required  to  attend  and 
participate  in  all  meetings  pertinent  to  the  work  required  under 
this  contract  as  directed  by  the  Contracting  Officer.^  These 
meetings,  if  necessary,  are  in  addition  to  the  presentation  and 
review  conferences. 

3.5  Site  Visits.  Inspections .  and  Investigations .  The  AE 
shall  visit  and  inspect/investigate  the  site  of  the  project  as 
necessary  and  required  during  the  preparation  and  accomplishment 
of  the  work. 

3 . 6  Records 

3.6.1  The  AE  shall  provide  a  record  of  all  significant 
conferences,  meetings,  discussions,  verbal  directions,  telephone 
conversations,  etc.,  with  Government  representative (s)  relative 
to  this  contract  in  which  the  AE  and/or  designated 
representative (s)  thereof  participated.  These  records _ shall  be 
dated  and  shall  identify  the  contract  number,  and  modification 
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number  if  applicable,  participating  personnel,  subject  discussed 
and  conclusions  reached.  The  AE  shall  forward  to  the  Contracting 
Officer  within  ten  calendar  days,  a  reproducible  copy  of  the 
records. 


3.6.2  The  AE  shall  provide  a  record  of  requests  for  and/or 
receipt  of  Government-furnished  material,  data,  documents, 
information,  etc.,  which  if  not  furnished  in  a  timely  manner, 
would  significantly  impair  the  normal  progression  of  the  work 
under  this  contract.  The  records  shall  be  dated  and  shall 
identify  the  contract  number  and  modification  number, ^  if 
applicable.  The  AE  shall  forward  to  the  Contracting  Officer 
within  ten  calendar  days,  a _ reproducible  copy  of  the  record  of 
request  or  receipt  of  material. 

3.7  Interviews.  The  AE  and  the  Government's  representative 
shall  conduct  entry  and  exit  interviews  with  the  Director  of 
P{ublic  Works  before  starting  work  at  the  installation 
and  after  completion  of  the  field  work.  The  Government's 
representative  shall  schedule  the  interviews  at  least  one  week 
in  advance. 

3.7.1  Entry.  The  entry  interview  shall  describe  the 
intended  procedures  for  the  survey  and  shall  be  conducted  prior 
to  commencing  work  at  the  facility.  As  a  minimum,  the  interview 
shall  cover  the  following  points: 

a.  Schedules. 

b.  Names  of  energy  analysts  who  will  be  conducting  the  site 
survey . 

c.  Proposed  working  hours. 

d.  Support  requirements  from  the  Director  of  Public  Works. 

3.7.2  Exit.  The  exit  interview  shall  briefly  describe  the 
items  surveyed  and  probable  areas  of  energy  conservation.  The 
interview  shall  also  solicit  input  and  advice  from  the  Director 
of  Public  Works. 

4.  SERVICES  AND  MATERIALS .  All  services,  materials  (except 
those  specifically  enumerated  to  be  furnished  by  the 
Government)  ,  plant,,  labor,  supervision  and  travel  necessary  to 
perform  the  work  and  render  the  data_  required  under  this 
contract  are  included  in  the  lump  sum  price  of  the  contract. 

5.  PROJECT  DOCUMENTATION.  All  energy  conservation 

opportunities  which  the  AE  has  considered  shall  be  included  in 
one  of  the  following  categories  and  presented  in  the  report  as 
such: 
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5  _  proi ects .  To  qualify  as  an  ECIP  project,  an  ECO, 

or  several  ECOs  which  have  been  combined,  must  have  a 
construction  cost  estimate  greater  than  $300,000,  assayings  to 
investment  Ratio  greater  than  1.25  and  a  simple  payback  period 
of  less  than  ten  years.  For  ECAM  projects,  the  $300,000 
limitation  may  not  apply;  in  such  cases,  the  AE  shall  check  with 
the  installation  for  guidance.  The  overall  pro:)ect  and  each 
diLrete  part  of  the  project  shall  have  an  SIR  greater  than  one. 
All  projects  meeting  the  above  criteria  shall  be  arranged  as 
specified  in  paragraph  2.7.1  and  shall  be  provided  with 
programming  documentation.  Programming  documentation  shall 
consist  of  a  DD  Form  1391,  life  cycle  cost  analysis  (LCCA) 
summary  sheet (s)  (with  necessary  backup  data  to  verify  the 
numbers  presented),  and  a  Project  Development  Brochure  (PD?)-  ^ 
life  cycle  cost  analysis  summary  sheet  shall  be  developed  for 
each  ECO  and  for  the  overall  project  when  more  than  one  ECO  are 
combined.  The  energy  savings  for  projects  consisting  of  multiple 
ECOs  must  take  into  account  the  synergistic  effects  of  the 
individual  ECOs. 

5^2  Non-ECIP  Projects .  Projects  which  do  not  meet  ECIP 

criteria  with  regard  to  cost  estimate,  payback  period,  or 
non-energy  (75%)  qualification  test,  but  which  have  an  SIR 
tLn  one  shall  be  documented.  Projects  or  ECOs  l"  this 
category  shall  be  arranged  as  specified  in  paragraph  2.7.2  and 
shall  be  provided  with  the  following  documentation,  the  life 
cycle  cost  analysis  (LCCA)  summary  sheet  completely  filled  out, 
a^description  of  the  work  to  be  accomplished,  backup  data  for 
the  LCCA,  ie,  energy  savings  calculations  and  cost  estimate (s) , 
and  the  simple  payback  period.  The  energy  savings  for  proDects 
consisting  of  multiple  ECOs  must  take  into  account  th^ 
synergistic  effects  of  the  individual  ECOs.  In  addition  these 
projects  shall  have  the  necessary  documentation  prepared,  as 
required  by  the  Government's  representative,  for  one  of  the 
following  categories: 

b.  O  &  M  Energy  Projects.  An  O  &  M  Energy  project  is  one 
that  results  in  needed  maintenance  or  repair  to  an  existing 
facility,  or  replaces  a  failed  or  failing  existing  facility,  an 
also  results  in  energy  savings.  The  criteria  are  similar  to  the 
criteria— for- ECIP  pr o j ects ,  i . e -  $_ 300. _000_ construction  j:ost, 
SIR  >  1.25,  and  simple  payback  period  of  less  than  ten  years.  In 
addion  if  the  project  would  replace  a  sytem  or  equipment  that 

bailed  or  failing"  due  soley  to  obsolete 
technology  or  inefficiency,  the  equipment  to  be  replaced  must 
have  been  in  u  for  at  least  three  years;  and  the  simple  payback 
period  must  be  three  years  or  less. 

c.  Regular  Military  Construction  Army  (MCA)  Program.  This 
program  is  for  projects  which  have  a  total  cost  greater  than 
$200,000  and  a  simple  payback  period  of  four  to  twenty-five 
years.  Documentation  shall  consist  of  DD  Form  1391  and  a  Project 
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Development  Brochure. 

d  Low  Cost/No  cost  Projects.  These  are  projects  which  the 
Director  of  Engineering  and  Housing  (DEH)  can  per fora  ^Jing  is 
resources-  Documentation  shall  be  as  required  by  the  DE  . 

5  3  wonfeasible  ECOs.  All  ECOs  which  the  AE  has  considered 
but  which  are  not  feasible,  shall  be  documented  in  the  report 
with  reasons  and  justifications  showing  why  they  were  rejected. 

6.  nHTATLED  SCOPE  OF  WORK.  The  Detailed  Scope  of  Work  is  con¬ 
tained  in  Annex  A. 

7.  WORK  TO  BE  ACCOMPLISHED . 

7.1  Review  Previous  Studies.  Review  the  previous  EEAP 
c:<-iidv  which  applies  to  the  specific  building,  system,  or  ECO 
covered  by  this  study.  This  review  should  acquaint  the  AE  '^ith 
the  work  that  has  been  performed  previously.  Much  of  the 
iSforaation  the  AE  hay  need  to  develop  the  ECOs  in  this  study 
may  be  contained  in  the  previous  study. 

7  2  Perform  a  Limited  Site  Survey.  The  AE  shall  obtain  all 
necessary  data  to  evaluate  the  ECOs  or  projects  by  conducting  a 
site  survey.  However,  the  AE  is  encouraged  to  use  any  data  that 
miv  hav7  been  docum4nted  in  a  previous  study.  The  AE  shall 
document  his  site  survey  on  forms  developed  for 

Standard  forms,  and  submit  these  completed  forms  as  part  of  the 
report.  All  test  and/or  measurement  equipment  shall  be  properly 
calibrated  prior  to  its  use. 

7.3  P«:>pvaluate  Selected  Projects.  The  AE  shall  reevaluate 
the  projects  and  ECOs  listed  in  Annex  A.  These  are  projects  and 
vros^that  the  previous  study  has  identified  but  that  hava  not 
been  accomplished  or  only  parts  have  been  accomplished.  If  the 
praiec?  or  ECO  is  acceptable  as  is,  that  is,  there  are  no 
Chances  to  the  basic  project  or  ECO,  the  energy  savings  shown  in 
the  previous  project  may  be  accepted  as  accurate  but  the  energy 
cost^and  construction  cost  estimates  shall  be  updated  based  on 
?hfmost  current  data  available.  With 

bSildinfs  in  the  original  project  have  been  deleted  ot  "eu 
buildings  can  be  added,  the  necessary  changes  shall  be  made  to 
thi  energy  savings,  the  energy  costs  and  construction  costs 
shall  be  updated,  and  the  revised  project  or  ECO  shall  then  be 

analyzed  using  current  ECIP  guidance.  ^ the 

or  ECO  has  had  numerous  changes  made  to  it  so  that  all  ot  rn 
suspected  of  being  inaccurate,  but  the  project  or 
u  swn  SSdered  feasible,  the  AE  shall  develop  the 
project  from  the  beginning  and  analyze  it  with  the  current  ECIP 
guidance  These  projects  shall  be  separately  listed  in  the 
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report . 


7.4  Evaluate  Selected  ECOs.  The  AE  shall  analyze  the_ ECOs 
listed  in  Annex  A.  These  ECOs  shall  be  analyzed  in  detail  to 
determine  their  feasibility.  Savings  to  Investment  Ratios 
(SIRS)  shall  be  determined  using  current  ECIP  guidance.  The  AE 
shall  provide  all  data  and  calculations  needed  to  support  the 
recommended  ECO.  All  assumptions  and  engineering  equations 
shall  be  clearly  stated.  Calculations  shall  be  prepared  showing 
how  all  numbers  in  the  ECO  were  figured.  Calculations  shall  be 
an  orderly  step-by-step  progression  from  the  first  assumption  to 
the  final  number.  Descriptions  of  the  products,  manufacturers 
catalog  cuts,  pertinent  drawings  and  sketches  shall  also  be 
included.  A  life  cycle  cost  analysis  summary  sheet  shall  be 
each  ECO  and  included  as  part  of  the  supporting 

data. 


7.5  Combine  ECOs  Into  Recommended  Projects.  During  the  Interim 
j^eview  Conference,  as  outlined  in  paragraph  [7.6.1],  the  AE  will 
be  advised  of  the  DEH's  preferred  packaging  of  recommended  ECOs 
into  projects  for  implementation.  Some  projects  may  be  a  com¬ 
bination  of  several  ECOs,  and  others  may  contain  only  one.  These 
projects  will  be  evaluated  and  arranged  as  outlined  in 
paj-agraphs  5.1,  5.2,  and  5.3.  Energy  savings  calculations  shall 
take  into  account  the  synergistic  effects  of  multiple  ECOs 
within  a  project  and  the  effects  of  one  project  upon  another. 
The  results  of  this  effort  will  be  reported  in  the  Final 
Submittal  per  par  [7.6.2]. 

7.6  Submittals ,  Presentations  and  Reviews .  The  work  accom¬ 
plished  shall  be  fully  documented  by  a  comprehensive  report. 
•pjjQ  report  shall  have  a  table  of  contents  and  shall  be  indexed. 
Tabs  and  dividers  shall  clearly  and  distinctly  divide  sections, 
subsections,  and  appendices.  All  pages  shall  be  numbered.  Names 
of  the  persons  primarily  responsible  for  the  project  shall  be 
included.  The  AE  shall  give  a  formal  presentation  of  the  interim 
sxibmittal  to  installation,  command,  ^  and  other  Government 
pgj^sonnel .  Slides  or  view  graphs  showing  the  results  of  the 
study  to  date  shall  be  used  during  the  presentation.  During  the 
presentation,  the  personnel  in  attendance  shall  be  given  ample 
opportunity  to  ask  questions  and  discuss  any  changes  deemed 
necessary  to  the  study.  A  review  conference  will  be  conducted 
the  same  day,  following  the  presentation.  Each  comment 
presented  at  the  review  conference  will  be  discussed  and 
resolved  or  action  'items  assigned.  It  is  anticipated  that  the 
presentation  and  review  conference  will  require  approximately 
one  working  day.  The  presentation  and  review  conference  will  be 
at  the  installation  on  the  date  agreeable  to  the  Director  of 
Engineering  and  Housing,  the  AE  and  the  Government's 
j-gpresentative .  The  Contracting  Officer  may  require  a  re- 
submittal  of  any  document  (s),  if  such  document  (s)  are  not 
approved  because  they  are  determined  by  the  Contracting  Officer 
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to  be  inadequate  for  the  intended  purpose. 

7.6.1  Interim  Submittal.  An  interim  report  shall  be 
submitted  for  review  after  the  field  survey  has  been  completed 
and  an  analysis  has  been  performed  on  all  of  the  ECOs,  The 
report  shall  indicate  the  work  which  has  been  accomplished  to 
date,  illustrate  the  methods  and  justifications  of  the 
approaches  taken  and  contain  a  plan  of  the  work  remaining  to 
complete  the  study.  Calculations  showing  energy  and  dollar 
savings,  SIR,  and  simple  payback  period  of  all  the  ECOs  shall  be 
included.  The  results  of  the  ECO  analyses  shall  be  summarized  by 
lists  as  follows: 

a.  All  ECOs  eliminated  from  consideration  shall  be  grouped 
into  one  listing  with  reasons  for  their  elimination  as  discussed 
in  par  5.3. 

b. All  ECOs  which  were  analysed  shall  be  grouped  into  two 
listings,  recommended  and  non-recommended,  each  arranged  in 
order  of  descending  SIR.  These  lists  may  be  subdivided  by 
building  or  area  as  appropriate  for  the  study.  The  AE  shall 
submit  the  Scope  of  Work  and  any  modifications  to  the  Scope  of 
Work  as  an  appendix  to  the  report.  A  narrative  summary 
describing  the  work  and  results  to  date  shall  be  a  part  of  this 
submittal.  At  the  Interim  Submittal  and  Review  Conference,  the 
Government's  and  AE's  representatives  shall  coordinate  with  the 
Director  of  Public  Works  to  provide  the  AE  with  direction  for 
packaging  or  combining  ECOs  for  programming  purposes  and  also 
indicate  the  fiscal  year  for  which  the  programming  or  imple¬ 
mentation  documentation  shall  be  prepared.  The  survey  forms  com¬ 
pleted  during  this  audit  shall  be  submitted  with  this  report. 
The  survey  forms  only  may  be  submitted  in  final  form  with  this 
submittal.  They  should  be  clearly  marked  at  the  time  of 
submission  that  they  are  to  be  retained.  They  shall  be  bound  in 
a  standard  three-ring  binder  which  will  allow  repeated 
disassembly  and  reassembly  of  the  material  contained  within. 

7.6.2  Final  Submittal.  The  AE  shall  prepare  and  siibmit  the 
final  report  when  all  sections  of  the  report  are  100%  complete 
and  all  comments  from  the  interim  submittal  have  been  resolved. 
The  AE  shall  submit  the  Scope  of  Work  for  the  study  and  any 
modifications  to  the  Scope  of  Work  as  an  appendix  to  the 
submittal.  The  report  shall  contain  a  narrative  summary  of 
conclusions  and  recommendations,  together  with  all  raw  and 
supporting  data,  methods  used,  and  sources  of  information.  The 
report  shall  integrate  all  aspects  of  the  study.  The  recommended 
projects,  as  determined  in  accordance  with  paragraph  5,  shall  be 
presented  in  order  of  priority  by  SIR.  The  lists  of  ECOs 
specified  in  paragraph  [7.6.1]  shall  also  be  included  for 
continuity.  The  final  report  and  all  appendices  shall  be  bound 
in  standard  three— ring  binders  which  will  allow  repeated 
disassembly  and  reassembly.  The  final  report  shall  be  arranged 
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to  include: 

a  An  Executive  Summary  to  give  a  brief  overview  of  what  was 
accomplished  and  the  results  of  this  study  using  graphs,  tables 
and  charts  as  much  as  possible  (See  Annex  B  for  minimum  require¬ 
ments)  . 

b.  The  narrative  report  describing  the  problem  to  be 
studied,  the  approach  to  be  used,  and  the  results,  of  this  study. 

c.  Documentation  for  the  recommended  projects  (includes  LCCA 
Summary  Sheets) . 

d.  Appendices  to  include  as  a  minimum; 

1)  Energy  cost  development  and  backup  data 

2)  Detailed  calculations 

3)  Cost  estimates 

4)  Computer  printouts  (where  applicable) 

5)  Scope  of  Work 


11 


ANNEX  A 


DETAILED  SCOPE  OF  WORK 


1.  TOCATION 

a.  GENERAL  DESCRIPTION.  The  Architect  Engineer  (AE)^  shall 
furnish  all  services,  materials,  supplies,  labor,  equipment, 
investigations,  studies,  and  travel  as  required  in  connection 
with  the  feasibility  study  for  the  below  identified  project  in 
accordance  with  the  contract  and  all  furnished  instructions: 

INSTALLATION  DESCRIPTI.ON 
Fort  Leonard  Wood,  Missouri  Providing  Thermal  Storage  at 

Central  Chilled  Water  Plant 

b.  The  project  consists  of  studying  the  feasibility  of  providing 
thermal  at  the  central  chilled  water  plant,  building  745,  to 
reduce  electric  peak  demand  charges.  The  Plant  now  has  two 
chillers  providing  water  to  the  600  area.  There  are  plans  to 
expand  this  system  to  the  700  area.  This  will  require^  adding 
more  chillers,  either  expanding  the  plant  or  converting  the 
space  currently  occupied  by  5  boilers  to  new  chillers.  This 
study  will  determine  if  it  is  ecconomically  feasible  to  provide 
thermal  storage  to  reduce  the  electrical  demand. 

2.  MTTHORTZATION.  The  feasibility  study  for  this  project  is 
authorized  by  Memorandum  CEMP“ET,  Subject:  Energy  Engineering 
Analysis  Program  (EEAP)-FY94  dated  7  December  1993.  The  AE  shall 
make  reference  to  this  authority  in  the  study. 

3.  STUDY  INSTRUCTIONS .  If  the  Design  Manuals,  Guide 
Specifications,  and/or  Project  Engineering  Instructions  do  not 
cover  a  specific  condition  in  question,  the  AE  shall  contact  the 
Contracting  Officer  before  proceeding.  If  there  is  a  conflict  in 
Engineering  Instructions  or  other  reference  data,  such  questions 
or  conflicts  should  be  brought  to  the  attention  of  the 
Contracting  Officer  before  proceeding. 

4^  THE  instat.lation~^presentative  for  this  contract  will  be 
Mr.  Douglas  Cage,  Directorate  of  Public  Works,  telephone  number 
314-596-0940,  fax  number  314-596-0170.  The  Kansas  City  Project 
Manager  will  be  Mr.  Robert  Miller,  telephone  number  816-426- 
7348,  fax  number  816-426-3690.  The  Authorized  Representative  of 
the  Contracting  Officer  will  be  Mr.  Michael  Whitacre,  telephone 
number  816-426-2781,  fax  number  816-426-3690.. 

5.  COMPLETION  AND  PAYMENT  SCHEDULE:  The  following  schedule 
shall  be  used  as  a  guide  in  approving  payments  on  this 
contract.  The  interim  report  for  shall  be  due  not  later  than  180 
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days  after  Notice  to  Proceed.  The  prefinal  report  shall  be  due 
not  later  than  30  days  after  the  interim  report  review 
conference.  The  final  report  shall  be  due  not  later  than  21  days 
after  the  prefinal  review  conference. 


AMOUNT 


MILESTONE 


PERCENT  OF  CONTRACT 
AUTHORI Z  E  D  FOR ■ PAYMENT 


Entry  Interview  ^ 

Completion  of  Field  Work^  25 

Receipt  of  Interim  Submittal  75 

Completion  of  Interim  Presentation  &  Review  85 

6.  METHOD  OF  PAYMENT. 

a.  Title  I.  The  AE  shall  prepare  and  submit  to 

the  US  Army  Engineer  District,  Kansas  City,  partial  payment 
estimates  in  accordance  with  the  attachment  entitled 

"Instructions  for  Completion  of  ENG  Form  93."  All  partial 
payments  shall  be  based  on  work  completed  as  of  the  15th  day  of 
the  report  month  and  shall  be  submitted  to  the  office  of  the 
Contracting  Officer  by  the  18th  day  of  the  month.  Payment  under 
this  contract,  for  which  property  or  services^are  provided^ in^a 
series  of  partial  executions  or  deliveries,  will  be  made  within 
20  days  after  receipt  of  an  invoice  which  has  been  properly 
executed  by  the  AE. 

b.  Additional  Conferences.  Payment  for  furnishing 
the  services  of  technically  qualified  representatives  to  attend 

additional  conferences,  when  so  requested  in  writing  by  the 
Contracting  Officer,  will  be  made  at  a  rate  per  hour  for  the 
discipline  involved  plus  travel  expenses  computed  in  accordance 
with  Government  Joint  Travel  Regulations  in  effect^ at  the  time 
travel  is  performed  and  actual  cost  of  transportation. 

7.  THE  SIMULATION  PROGRAMS  acceptable  for  use  in  this  study  are 
listed  below.  Any  substitutes  must  be  submitted  and  approved  as 

outlined*^Tr-i:he“basic  scope  of— work-. - -  -  -  ^ 

a.  Building  Loads  and  System  Thermodynamics  (BLAST) 

b.  DOE  2. IB 

c.  Carrier  E20  or  Hourly  Analysis  Program  (HAP) 

d.  Trane  Air-Conditioning  Economics  (TRACE) 

e.  Beacon 
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8.  A  roMPUTFT^  PROGR?^  titled  Life  Cycle  Costing  in  Design 
/j^QjD)  Is  available  from  the  BLAST  Support  Office  in  Urbana, 
Illinois  for  a  nominal  fee.  This  computer  program  can  be  used 
for  performing  the  economic  calculations  for  ECIP  and  non  ECIP 
ECOs.  The  AE  is  encouraged  to  obtain  and  use  this  computer 
program.  The  BLAST  Support  Office  can  be  contacted  at  144 
Mechanical  Engineering  Building,  1206  West  Green  Street, 
Urbana,  Illinois  61801.  Telephone  number  is  (217)  333-3977  or 
(800)  842-5278. 


9.  FACILITY  SURVEY 

The  Architect-Engineer  (AE)  shall  conduct  a  survey  of 
the  boiler  plant  and  buildings  to  be  supplied  by  the  summer 
boiler. 

10 .  AUTOMATED  REVIEW  MANAGEMENT  SYSTEM  ^APMS) . 

a  The  AE,  as  a  part  of  this  scope  of  work,  shall 
interface  with  and  utilize  the  Corps  of  Engineers  Automated 
Review  Management  System  for  this  project.  The  AE  will  receive 
one  copy  of  CESPK-PAM  1110-1-2,  AE  Response  Package  (User's 
Manual)  describing  the  communications  software,  optimum 
hardware  requirements  and  access  procedures.  The  necessary 
software  is  included  with  the  manual.  Minimum  requirements  are 
an  IBM-XT  or  compatible  computer  system  running  DOS  3.0  or 
later,  with  640  kilobyte  (KB)  RAM,  at  least  a  20  megabyte  (MB) 
hard  disk  and  a  1200  or  higher  baud_  Hayes-compatible  modem 
operating.  Assistance  can  be  received  via  a  telephone  hotline  at 
916-551-3126. 

b.  All  design  review  comments  and  response?  will  be 
electronically  transmitted  from  the  Corps  of  Engineer,  Missouri 
River  Division,  by  the  ARMS.  Comments  can  be  received  at  a 
personal  computer  in  the  AE's  office  by  use  of  ARMS  software  and 
a  modem  over  telephone  lines.  The  comments  reside  on  the 
Missouri  River  Division  computer.  The  AE  can  then  download  the 
review  comments,  respond  to  the  comments,  upload  the  comments 
back  to  the  Division  computer  and  forward  responses  to  the 
Project  Manager. 

11.  COVERNMENT-FURNISHED  DATA._ 

a.  AR  415-15  Military  Construction,  Army  (MCA)  Program 
Developement 

b.  AR  415-20  Project  Development  and  Design  Approval 

d.  Engineering  Instructions  (as  applicable) 

e.  Latest  Tri-Service  Cost  Index. 
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f.  DAIM-FDF-U  letter  dated  10  January  1994, 
Conservation  Investment  Program  (ECIP)  Guidance”. 


"Energy 
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12.  STTRMTTTAT.  requirements  . 


ORGANIZATION 


COPIES  REQUIRED  ' 
(Correspondence) ;  Interim 


Prefinal 

Review 


Commander 
Engineer  Center  & 

FSort  Leonard  Wood 

ATTN:  ATZT-DPW-EO/Mr.  Cage 

Building  2104 

Granite  City,  Illinois 

62040-1801 


District  Engineer  _  (1) 

U.S.  Army  Engineer  District,  Kansas  City 
ATTN:  CEMRKED-MF (MILLER) 

700  Federal  Building^ 

Kansas  City,  Missouri 
64106 


Division  Engineer  ... 
U.S. Army  Engineer  Division 
Missouri  River 
ATTN:  CEMRDMP-A(Jagasits) 
12565  W.  Center  Road 
Omaha,  NE  68144—3869 

Commander 
H.Q.  TRADOC 

ATTEN:  ATEN-EN/  Mr.  Capra 
Building  10 

Fort  Monroe,  Va.  23351 


HQDA 

ODCSLOG 

ATTN:  DALO-TSE  (Maj .  Wilson) 
Pentagon 

Washington,  D.C.  20310-0561 
Commander 

U.S.  Army  Corps  of  Engineers 
ATTN:  CEMP-ET'  (Mr.  Gentil) 

20  Massachusetts  Avenue,  NW 
Washington,  DC  20314-1000 


(Final) 


(3) 


(3) 


(1) 


(1) 


(D* 


(1)* 
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Commander  _  , 

U.S.  Army  Engineer  District,  Mobile 
ATTN:  CESAM-EN-CM  (Mr.  Battaglia) 

P.O.  Box  2288 
Mobile,  AL  36628-1000 

Cononander 

U.S  Army  Logistics  Evaluation  Agency 
ATTN:  LOEA-PL  (Mr.  Keath) 

New  Climber  land  Army  Depot 
New  Cumberland,  PA.  17070-5007 

*  Executive  Summary  only 

**  Complete  copy  of  final  report 

***  Furnish  copy  of  computer  print  out 


ANNEX  B 


EXECUTIVE  SUMMARY  GUIDELINE 


1.  Introduction. 

2.  Building  Data  (types,  number  of  similar  buildings,  sizes, 
etc. ) 

3.  Present  Energy  Consumption  of  Buildings  or  Systems  Studied, 
o  Total  Annual  Energy  Used. 

o  Source  Energy  Consumption. 

Electricity  -  KWH,  Dollars,  BTU 
Fuel  Oil  -  GALS,  Dollars,  BTU 
Natural  Gas  -  THERMS,  Dollars,  BTU 
Propane  GALS,  Dollars,  BTU 

Other  “  QTY,  Dollars,  BTU 

4.  Reevaluated  Projects  Results. 

5.  Energy  Conservation  Analysis, 
o  ECOs  Investigated. 

o  ECOs  Recommended. 

o  ECOs  Rejected.  (Provide  economics  or  reasons) 

o  ECIP  Projects  fjeveloped.  (Provide  list)* 

o  Non-ECIP  Projects  Developed.  (Provide  list)* 

o  Operational  or  Policy  Change  Recommendations. 

*  Include  the  following  data  from  the  life  cycle  cost 
analysis  summary  sheet:  the  cost  ( cons tiruct ion  plus  SIOH) ,  the 
annual  elier^  ~  savings  (type  and  amount')  ,  the  annual  dollar 
savings,  the  SIR,  the  simple  payback  period  and  the  analysis 
date. 

6.  Energy  and  Cost  Savings. 


o  Total  Potential  Energy  and  Cost  Savings, 
o  Percentage  of  Energy  Conserved. 
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Energy  Use  and  Cost  Before  and  After  the  Energy  Conserva¬ 
tion  Opportunities  are  Implemented. 


ANNEX  C 


BEOUIRED  ^  FORM  1391  DATA 

To  facilitate  ECIP  project  approval,  the  following  supplemental 
data  shall  be  provided; 

a.  In  title  block  clearly  identify  projects  as  "ECIP." 


b.  complete  description  of  each  item  of  work  to  be  accom¬ 
plished  including  quantity,  square  footage,  etc. 

c.  A  comprehensive  list  of  buildings,  zones,  or  areas 
including  building  numbers,  square  foot  floor  area,  designated 
temporary  or  permanent,  and  usage  (administration,  patient 
treatment,  etc.). 

d  List  references,  and  assumptions,  and  provide 
calculations  to  support  dollar  and  energy  savings,  and  indicate 
any  added  costs, 

(1)  If  a  specific  building/  zone,  or  area  is  used  for 
sample  calculations,  identify  building,  zone  or  area,  category, 
orientation,  square  footage,  floor  area,  window  and  wall  area 
for  each  exposure. 

(2)  Identify  weather  data  source. 

(3)  Identify  infiltration  assumptions  before  and  after 
improvements . 

(4)  Include  source  of  expertise  and  demonstrate  savings 
claimed.  Identify  any  special  or  critical  environmental 
conditions  such  as  pressure  relationships,  exhaust  or  outside 
air  quantities,  temperatures,  humidity,  etc. 

e.  Claims  for  boiler  efficiency  improvements  must  identify 
data  to  support  present  properly  adjusted  boiler  operation  and 
future  expected  efficiency.  If  full  replacement  of  boilers  is 
indicated,  explain  rejection  of  alternatives  such  as  replace 
burners,  nonfunctioning  controls,  etc.  Assessment  of  the 
complete  existing  installation  is  required  to  make  accurate 
determinations  of  required  retrofit  actions. 


f .  Lighting  retrofit  projects  must  identify  number  and  type 
of  fixtures,  and  wattage  of  each  fixture  being  deleted  and  in¬ 
stalled.  New  lighting  shall  be  only  _  of  the  level  to  meet 
current  criteria.  Lamp  changes  in  existing  fixtures  is  not 
considered  an  ECIP  type  project. 
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g.  An  ECIP  life  cycle  cost  analysis  summary  sheet  as  shown 
in  the  ECIP  Guidance  shall  be  provided  for  the  complete  project 
and  for  each  discrete  part  included  in  the  project.  The  SIR  is 
applicable  to  all  segments  of  the  project.  Supporting 
documentation  consisting  of  basic  engineering _  and  economic 
calculations  showing  how  savings  were  determined  shall  be 
included. 


h.  The  DD  Form  1391  face  sheet  shall  include,  for  the  com¬ 
plete  project,  the  annual  dollar  and  MBTU  savings,  SIRj  simple 
amortization  period  and  a  statement  attesting  that  all  buildings 
and  retrofit  actions  will  be  in  active  use  throughout  the 
amortization  period. 


i.  The  calendar  year  in  which  the  cost  was  calculated  shall 
be  clearly  shown  on  the  DD  Form  1391. 

j.  For  each  temporary  building  included  in  a  project,  sepa¬ 
rate  documentation  is  required  showing  (1)  a  minimum  10-year 
continuing  need,  based  on  the  installation's  annual 
property  utilization  survey,  for  active  building  retention  after 
retrofit,  (2)  the  specific  retrofit  action  applicable  and  (3)  an 
economic  analysis  supporting  the  specific  retrofit. 

k.  Nonappropriated  funded  facilities  will  not  be  included 
in  an  ECIP  project  without  an  accompanying  statement  certifying 
that  utility  costs  are  not  reimbursable. 

l.  Any  requirements  required  by  ECIP  guidance  dated  25 
1988  and  any  revisions  thereto.  Note  that  unescalated 

costs/savings  are  to  be  used  in  the  economic  analyses. 

m.  The  five  digit  category  number  for  all  ECIP  projects  ex¬ 
cept  for  Family  Housing  is  80000.  The  category  code  number  for 
Family  Housing  projects  is  71100. 
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APPENDIX  B 


DETAILED  SYSTEM  SIZING  PROCEDURES  AND  CALCULATIONS 
B,  1  ICE  HARVESTING  SYSTEMS 

Appendix  C  contains  manufacturer's  literature  for  a  typical  ice  harvesting  type  of  system.  Five  alternative 
systems  were  evaluated,  utilizing  various  combinations  of  run  times  vs.  off  times,  and  in  addition  varying 
the  amount  of  time  the  systems  ran  making  ice  to  the  amount  of  time  they  ran  as  conventional  chillers. 

The  five  systems  analyzed  are  summarized  in  the  following  table. 


ECO# 

HOURS 

MAKING  ICE 

HOURS  AS 

CHILLER 

HOURS  "OFF' 

IH-1 

8 

16 

0 

IH-2 

8 

10 

6 

IH-3 

12 

12 

0 

IH-4 

12 

6 

6 

IH-5 

8 

13 

3 

As  indicated  in  a  previous  section,  the  ice  harvesting  system  has  the  ability  to  continue  to  produce 
chilled  water  during  the  hours  it  is  in  the  ice-making  mode,  due  to  the  fact  that  the  generated  ice 
is  de-coupled  from  the  ice-making  apparatus.  It  is  therefore  available  as  a  separate  chilling 
source.  Therefore,  the  columns  labeled  as  "hours  making  ice"  should  not  be  interpreted  as  though 
chilled  water  cannot  be  produced  during  those  hours.  It  simply  means  that  the  mechanical 
refrigeration  system  will  be  making  ice  during  those  periods. 

Each  of  the  indicated  ECO’s  is  discussed  in  the  following  sections. 

B.1.1  ECO  IH-1 

In  this  analysis,  the  system  was  allowed  to  build  ice  during  the  eight  hours  of  1 :00 
a.m.  through  9  a.m,  inclusive.  During  the  remaining  sixteen  hours  of  the  day,  the 
plant  was  allowed  to  operate  as  a  normal  chiller.  Applying  those  parameters  to  the 
June  to  September  load  profile  for  Area  600,  it  was  found  that  an  ice  storage  capacity 
of  2200  ton-hours  coupled  with  a  nominal  chiller  tonnage  of  630  tons  (485  tons  when 
making  ice)  would  meet  all  load  conditions  and  would  never  totally  deplete  the  tank 
ice  capacity.  See  Appendix  D  for  the  load  and  demand  profile  printouts.  This  results 
in  a  relatively  low  first  cost  compared  to  the  other  alternatives.  However,  since  the 
refrigeration  plant  is  never  "off,"  demand  charges  are  not  avoided,  which  is  the  major 
thrust  of  the  project. 
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B.1.2 


ECO  IH-2 


In  an  effort  to  address  the  demand  changes  incurred  under  ECO  IH-1,  ECO  IH-2 
turned  the  chiller  "off  during  the  mid-afternoon  period  from  noon  through  6:00  p.m. 
All  other  operational  hours  remained  unchanged  from  ECO  IH-1. 

The  results  of  this  approach  was  to  drive  up  significantly  the  required  ice-making 
capacity  of  the  plant,  since  stored  ice  would  be  all  that  would  be  available  to  carry 
load  during  the  chiller  "off"  period.  The  nominal  chiller  capacity  rose  to  1,150  tons 
(885  tons  of  ice-making  capacity),  and  ice  storage  volume  of  5,000  ton-hours.  Load 
and  demand  profiles  are  contained  in  Appendix  D. 

B.1.3  ECOIH-3 

This  ECO  was  another  variation  of  ECO  IH-1.  It  was  suggested  that  it  might  be 
possible  that,  in  exchange  for  a  longer  ice-build  time,  the  size  of  the  chiller  needed  to 
supplement  the  stored  ice  during  the  peak  afternoon  hours  might  be  reduced  to  the 
point  that  the  incurred  demand  charges  associated  with  the  chiller  might  be  more 
economically  bearable. 

As  a  result,  the  ice-build  time  was  expanded  to  12  hours,  running  from  9:00  p.m. 
through  9:00  a.m.  inclusive.  From  9:00  a.m.  until  9:00  p.m.,  the  system  was  used  to 
generate  chilled  water.  The  resulting  load  and  demand  profiles  are  contained  in 
Appendix  D.  While  extension  of  the  ice  build  time  did  result  in  a  smaller  chiller 
requirement,  the  reduction  in  size  from  ECO  IH-1  was  very  slight,  from  630  tons  to 
625  (or  from  485  tons  of  ice-making  capacity  to  480).  As  might  be  expected,  the 
required  ice  storage  capacity  increased  slightly  from  2,200  ton-hours  under  ECO  IH-1 
to  2,400  ton-hours  under  ECO  IH-3. 

B.1.4  ECOIH-4 

This  ECO  was  a  modification  of  ECO  IH-3,  using  the  same  ice-making  hours,  but 
again  turning  the  chiller  plant  "off"  from  noon  through  6:00  p.m.,  to  avoid  demand 
charges,  as  was  done  under  ECO  IH-2. 

The  results  of  this  approach  were  encouraging.  Requiring  the  stored  ice  to  carry  the 
total  load  during  the  six  afternoon  hours  drove  the  ice-making  tonnage  up  from  480  to 
750  tons,  but  the  allowance  of  12  hours  for  making  ice  meant  that  the  750  tons  of 
capacity  was  considerably  less  than  the  885  tons  that  had  been  required  under  ECO 
IH-2.  At  the  same  time,  the  storage  capacity  required  under  this  ECO  was  found  to 
be  5,000  ton-hours,  which  is  the  same  as  that  required  under  ECO  IH-2. 

Again,  cooling  load  and  demand  profiles  for  this  ECO  are  contained  in  Appendix  D. 
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B.1.5 


ECO  IH-5 


A  close  analysis  of  the  electrical  demand  profile  curve  obtained  from  the  electric 
utility  company,  referred  to  in  Section  3,  indicates  that  there  may  be  a  window  of 
demand  establishment  as  narrow  as  three  hours  (from  1:00  p.m.  to  4:00  p.m.)  during 
which  time  an  imposition  of  any  additional  large  refrigeration  plant  loads  on  a  design 
day  would  definitely  result  in  establishment  of  a  new  demand  peak.  Conversely,  it 
appears  that  the  demand  loads  outside  of  this  hour  range  fall  off  steeply  enough  that 
powering  of  the  refrigeration  plant  would  not  result  in  establishment  of  a  new  demand 
peak. 

Under  this  hypothesis,  an  analysis  similar  to  ECO  IH-2  was  developed,  but  one  in 
which  the  chiller  was  off  only  from  1:00  p.m.  to  4:00  p.m.  It  was  used  to  build  ice 
between  1:00  a.m.  and  9:00  a.m.,  and  would  be  used  as  a  chiller  during  the 
remainder  of  the  day.  The  results  of  this  approach  appeared  to  be  quite  promising. 
The  required  chiller  capacity  was  reduced  to  820  tons  from  the  1,150  tons  needed 
under  ECO  IH-2,  and  the  thermal  storage  capacity  was  reduced  from  5,000  ton-hours 
to  2,600  ton-hours. 

Of  course,  the  value  of  these  numbers  is  dependant  upon  the  validity  of  the  hypothesis 
stated  above.  This  approach  results  is  a  "fine-tuned”  solution  to  a  narrow  period  of 
peak  demand.  The  resulting  cooling  and  peak  demand  load  profiles  are  in  Appendix 
D. 

B.2  ICE  TANK  SYSTEMS 

Appendix  C  contains  manufacturer’s  literature  for  a  typical  ice  tank  type  of  system.  As  with  the 
ice  harvesting  systems,  a  total  of  five  alternative  systems  were  evaluated  with  different  mixes  of 
chilling,  ice-building,  and  off  hours  over  a  24-hour  period.  The  following  table  summarizes  these 
combinations: 


ECO# 

HOURS 

MAKING  ICE 

HOURS  AS 

CHILLER 

HOURS 

IT-1 

8 

16 

0 

IT-2 

11 

13 

0 

IT-3 

8 

10 

6 

IT-4 

11 

7 

6 

IT-5 

11 

10 

3 

Each  of  the  indicated  ECO’s  is  discussed  in  the  following  sections. 

B.2.1  ECO  IT-1 

In  this  first  analysis,  the  ice  tank  was  charged  during  the  period  from  1:00  a.m.  through 
9:00  a.m.,  and  was  drawn  down  (supplemented  by  the  refrigeration  equipment  producing 
chilled  water)  during  the  other  hours  of  the  day.  There  was  no  period  when  all 
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equipment  was  "off."  A  supplemental  chiller  was  used  at  night  to  provide  cooling  to  the 
Barracks  buildings  while  the  main  system  was  building  ice.  , 

This  scenario  resulted  in  the  need  for  an  ice-making  capacity  of  375  tons  (approximately 
500  chiller  tons)  coupled  to  an  ice-tank  with  a  thermal  storage  capacity  of  3,300  ton- 
hours.  In  addition,  a  night  chiller  with  a  400  ton  cooling  capacity  would  also  be 
required.  While  this  results  in  a  relatively  small  total  chiller  capacity,  it  is  noted  that  in 
this  option,  as  in  ECO  IH-1,  there  is  never  an  "off"  period  for  the  cooling  plant,  so 
demand  charges  are  never  truly  avoided. 

Appendix  D  contains  the  ice  plant  loading  and  demand  profiles  for  the  cooling  months. 

It  should  be  noted  that  this  printout  does  not  include  the  load/demand  met  by  the  separate 
night  chiller,  since  this  is  independent  of  the  thermal  storage  plant.  Energy  usage  of  the 
night  chiller  system  is  accounted  for  in  energy  printouts  which  are  contained  in  Appendix 
E.  This  is  true  for  all  of  the  ice  tank  system  alternatives  analyzed. 

B.2.2  ECO  IT-2 

ECO  IT-2  was  developed  as  a  means  of  reducing  the  size  of  the  chiller  which  would  need 
to  run  during  the  afternoon  hours  by  having  more  supplemental  ice  available  by 
lengthening  the  ice  build  time.  Therefore,  the  ice  build  time  period  was  extended  to  run 
from  11:00  p.m.  until  10:00  a.m.,  a  total  of  11  hours,  with  the  chiller  generating  chilled 
water  the  rest  of  the  time. 

As  with  ECO  IH-3,  where  the  same  approach  was  tried,  there  was  some  benefit  in 
demand  reduction,  but  not  a  large  one.  The  chiller  tonnage  dropped  from  500  tons  to 
450  tons  compared  to  ECO  IT-1,  which  is  an  ice-making  tonnage  reduction  from  375 
tons  to  345  tons.  However,  the  ice  tank  thermal  storage  volume  rose  from  3,300  ton- 
hours  to  4,000  ton-hours.  Also,  the  size  of  the  night  chiller  required  rose  from  400  tons 
to  450  tons.  See  Appendix  D  for  the  summer  load  and  demand  profiles. 

B.2.3  ECO  IT-3 

This  scenario  uses  the  hours  from  1:00  a.m.  to  9:00  a.m.  for  ice  building  and  turns  all 
mechanical  equipment  (except  chilled  water  pumps)  off  from  12  noon  until  6:00  p.m.  to 
avoid  adding  to  peak  demands  established  during  that  period.  During  other  hours,  the 
refrigeration  equipment  runs  as  a  conventional  chiller. 

The  requirements  for  stored  ice  to  serve  as  the  sole  means  of  carrying  load  over  a  six- 
hour  period  drove  up  both  the  size  of  the  thermal  storage  tank  (to  6000  ton-hours)  and 
the  ice-making  capacity  of  the  refrigeration  plant,  to  625  tons  (approx.  810  tons  of 
normal  chilling  capacity).  Since  the  ice-build  time  was  reduced  to  the  same  8  hour 
period  used  in  ECO  IT-1,  however,  the  night  chiller’s  capacity  returned  to  400  tons,  as 
was  the  case  in  ECO  IT-1.  Appendix  D  contains  the  summer  load  and  demand  profiles 
for  this  case. 
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B.2.4 


ECO  IT-4 


This  alternative  assumed  that  ice  will  be  built  over  an  11  hour  period  from  11:00  p.m. 
until  10:00  a.m,,  that  all  systems  except  chilled  water  pumps  will  be  off  during  the 
period  from  12  noon  until  6:00  p.m.  to  avoid  demand  charges,  and  that  the  refrigeration 
plant  will  operate  as  a  chiller  during  all  other  periods. 

The  effect  of  extending  the  ice  build  time  by  3  hours  compared  to  ECO  IT-2  is  to  reduce 
the  required  size  of  the  ice-making  capacity  of  the  refrigeration  plant  since  it  has  a  longer 
time  available  over  which  to  build  the  required  ice.  As  a  result,  the  capacity  requirement 
dropped  to  490  tons  (635  tons  chilling  capacity)  compared  to  the  625  tons  (810  tons 
chilling)  of  ice-making  capacity  required  in  ECO  IT-3.  The  size  of  the  storage  tank 
remained  at  6,000  ton-hours,  however.  Also,  the  size  of  the  night  chiller  required  to 
serve  the  Barracks  buildings  increased  to  450  tons.  Load  and  demand  profiles  are 
presented  in  Appendix  D. 

B.2.5  ECO  IT-5 

As  with  ECO  IH-5,  this  ECO  narrowed  the  peak  demand  window  to  three  hours  from 
1:00  p.m,  until  4:00  p.m.  Also  as  with  ECO  IH-5,  the  result  was  a  significant 
improvement  over  use  of  a  six  hour  "off"  period  for  the  refrigeration  plant.  The 
required  ice-making  tonnage  dropped  to  400  tons  (520  tons  chilling  capacity)  and 
required  total  thermal  storage  was  reduced  to  4,500  ton-hours.  The  same  caution  applies 
here  that  was  stated  in  the  ECO  IH-5  discussion.  The  results  are  only  valid  if  total  Fort 
demand  is  low  enough  prior  to  1:00  p.m.  and  after  4:00  p.m.  See  Appendix  D  for 
cooling  load  and  demand  profiles  for  this  ECO. 

B.3  BASE  CASE 

As  stated  earlier,  a  conventional  mid-range  efficiency  centrifugal  chiller  was  used  as  the 
base  case  against  which  the  various  ECO’s  would  be  compared.  The  peak  load 
calculated  for  Area  600  resulted  in  selection  of  a  chiller  with  a  nominal  capacity  of  900 
tons.  Manufacturer's  literature  for  such  a  typical  chiller  is  included  in  Appendix  C. 
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B.4 


SUMMARY  OF  CALCUALTIONS 


The  following  table  summarizes  the  data  presented  in  the  preceding  paragraphs,  upon  which 
energy  calculations  were  based: 


REQUIRED 

REQUIRED 

REQUIRED 

ICE¬ 

EQUIVALENT 

NIGHT 

TON-HOURS 

MAKING 

CHILLER 

CHILLER 

THERMAL 

ECO  # 

TONS 

TONS 

CAPACITY 

STORAGE 

IH-1 

485 

630 

— 

2,200 

IH-2 

885 

1,150 

- 

5,000 

IH-3 

480 

625 

- 

2,400 

IH-4 

750 

975 

-- 

5,000 

IH-5 

630 

820 

2,600 

IT-1 

375 

490 

400 

3,300 

IT-2 

345 

450 

450 

4,000 

IT-3 

625 

815 

400 

6,000 

IT-4 

490 

635 

450 

6,000 

IT-5 

400 

520 

450 

4,500 

BASE 

— 

900 

- 
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APPENDIX  C 


MANUFACTURER’S  LITERATURE 


ITEM  PAGE 

TYPICAL  ICE  HARVESTER  EQUIPMENT  C-1  TO  C-4 

TYPICAL  ICE  TANKS  C-5  TO  C-7 

SCREW  CHILLER  (FOR  ICE  TANK  SYSTEM)  C-8 

CENTRIFUGAL  CHILLER  (NIGHT  CHILLER)  C-9 

COOLING  TOWER  (ALL  SYSTEMS)  C-10 


Only  Turbo  Ice  Harvesting  gives 
^/ou  the  flexibility  for  operating 
as  many  hours  as  you  want. 


Turbo:  A  leadership  company  in  a  corporate  family  of 
Industry  leaders. 

Turbo  Refrigerating  Company  was  founded  in  1952  to  provide 
specialized  ice  making  and  industrial  refrigeration  systems. 

Turbo  pioneered  itself  as  the  leading  world  supplier  of  this  tech¬ 
nology,  having  built  over  70%  of  the  industrial  ice  harvesting 
capacity  for  consumer  packaged  ice. 

Today  Turbo  is  the  world  leader  in  ice  harvesting  Thermal  Storage 
Systems  and  industrial  chillers. 

Turbo  is  a  member  of  the  Aqua-Chem  family  of  companies- each 
a  recognized  leader  in  Its  specialized  field: 

Cleaver-Brooks -Originator  and  largest  producer  of  packaged 
boilers  for  industrial,  commercial,  and  institutional  use. 

Water  Technologies  Division -World  leader  in  water  evapora¬ 
tive  and  desalination  equipment  for  chemical  processing  and 
marine  application. 

Industrial  Combustion  -  Foremost  manufacturer  of  multi-fuel 
conversion  burners  for  new  and  retrofit  industrial  and  commer¬ 
cial  applications. 

Aqua-Chem  companies  are  deeply  involved  in  energy  and  water 
technologies,  and  are  committed  to  continuing  advancements  in 
product  efficiency  and  reliability. 


HPWOSC-A  fully  self-contained  ice  generator  chiller 
with  a  water  cooled  condenser  system. 


Unlike  other  thermal  storage  systems,  the  Turbo  ice  harvesting 
design  uses  an  ice-making  surface  that  is  completely  separate 
from  the  ice  storage  tank.  The  ice-making  surface  consists  of 
stainless  steel  plates  that  are  welded  together  to  form  computer- 
designed  internal  channels  for  controlled  flow  of  refrigerant. 
Water  is  distributed  uniformly  over  the  outside  of  the  plates. 

The  plates  are  grouped  vertically  m  modules  directly  above  the 
ice  storage  tank.  Ice  forms  on  both  sides  in  sheets  'A  inch  thick. 
Then,  at  predetermined  intervals,  hot  refrigerant  enters  the 
plates,  causing  the  ice  to  break  away  and  drop  into  the  tank. 

The  ice  breaks  into  small  pieces  in  the  tank. 

The  cycle  is  repeated  as  long  as  there  is  need  for  additional  cool¬ 
ing  reserves.  Turbo  ice  gives  a  tremendous  amount  of  heat 
transfer  area,  allowing  very  rapid  melting  with  no  risk  of  short 
circuiting  of  the  return  chilled  water. 

This  continuous  ice  making  capability  is  impossible  with  systems 
where  heat  transfer  coils  are  submerged  m  ice  storage  tanks - 
because  the  ice  making  surfaces  become  encased  m  ice,  insulat¬ 
ing  the  heat  transfer  surface  and  reducing  the  efficiency  of  the 
system,  while  waiting  for  a  thaw  before  production  can  resume. 


) 


) 


2 


Nothing  could  be  sinnpier  than  inspecting,  cleaning  or  servicing 
Turbo  heat  transfer  plates  They're  always  accessible- because 
they're  completely  separated  from  ice  storage.  Open  the  front 
or  rear  pane!  of  the  ice  maker  cabinet -and  there  they  are! 

All  operating  components,  controls  easily  accessible. 

Talk  about  convenience!  Electrical  controls,  compressor,  con¬ 
denser-all  maintenance  components  are  located  for  easy 
access  that  simplifies  inspection  and  servicing. 

Only  Turbo  supplies  complete  single-source  systems:  packaged 
or  modular,  standard  or  custom. 


The  evaporator  plate  assembly. 


Large  units  can  be  factory-assembled, 
tested  before  delivery. 

Only  Turbo  meets  your  requirements  totally  and  precisely,  what¬ 
ever  the  level  of  need.  Which  means  you  don't  pay  for  too  much 
compressor,  too  much  capacity  or  too  much  storage  for  your  sys¬ 
tem  needs.  Turbo  delivers  a  system  of  fully  compatible  compo¬ 
nents,  engineered  for  maximum  cost  effectiveness  An  advantage 
that  covers  thermal  storage  capacities  much  larger  than  available 
with  alternative  approaches. 

The  standard  Turbo  package  is  a  self-contained  or  split  unitary 
system.  Ice-making  plates,  refrigerant  piping,  condensers  and 
controls  are  provided  in  a  proven  reliable  package. 

Options  Available: 

•  Choice  of  air-cooled,  water-cooled  or  evaporat.vely  cooled 
condensers 

•  Desuperheaters  and  controls  for  heat  recovery 

•  Electrical  panel  for  remote  stand-alone  installations. 

•  Recirculation  pump  package 

•  Ice-storage-tank- prefabricated  or  custom  designed,  field 
erected 


HP  Series  Packages -to  95  tons 

Proven  design.  Available  as  self-contained  package  without  field 
refrigerant  piping.  Shippable  by  standard  truck  with  no  special 
permits  required.  Available  in  water  cooled  (SC),  evaporatively 
cooled  (SCE),  or  air  cooled  models  (SCA). 

IGC  Series  Packages-55  to  300  tons 
Proven  design.  Available  as  self-contained  package  without  field 
refrigerant  piping.  Shippable  by  standard  trucks.  Available  in 
water  cooled  (SC),  evaporatively  cooled  (SCE),  or  air  cooled 
(SCA)  models. 


HPWOOSCE-  Two  units  with  two  4000  cubic  foot 
Turbo  insulated  steel  storage  tanks. 


Standard  Split  System  Packages 

Remote  condenser  models  available  for  air  cooled  or  evapora¬ 
tively  cooled  systems.  In  both  the  HP  and  IGC  SERIES.  (SC  R). 
Remote  condensing  unit  models  available  for  connection  to 
existing  or  Turbo  condensing  units  iR) 

To  300  tons 

Larger  systems  require  separate  plate,  compressor  and  condenser 
modules.  Plate  modules  available  to  300  tons  capacity  per  mod- 
ule.  Modules  bolt  together  m  the  field,  and  require  minimum 
field  refrigerant  piping. 

Custom  Engineered  Systems 

Our  engineers  will  work  closely  with  you  to  meet  special  needs 
for  larger  or  unique  applications  using  standard  modules 


/G  C245SC  -  A  fully  self -con  tained  wa  ter 
cooled -ice  generator  chiller  unit. 


IGC245SC-  Control  panels 
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HP200SCE  ~A  complete  pacKaged  system  with  an  HP200SCE, 
evaporative  condenser  and  insulated  steel  storage  tank. 

EQUIPMENT  SCHEDULE:  MODEL  (HP _ )  (IGC  . 


Operating 

Mode 


Water  onto  net  cap  set  motor 
piates  (F)  tons  (F)  BHP 


Ice  Generation  _  _  _  _ 

Super  Chiller  _  _  _  _ 

EQUIPMENT: 

The  ice  making  equipment  shall  be  a  completely  factory  assem¬ 
bled  unit  of  the  harvesting  type  provided  by  TURBO  REFRIGERAT¬ 
ING  COMPANY  The  equipment  shall  have  the  following  features. 

Evaporater  sections 

The  evaporater  section  shall  utilize  vertical  evaporater  plates 
made  of  304  stainless  steel 


Water  distribution 

The  eauipment  snail  have  a  stainless  stee-  v.ate'  distr.oution  pan 
and  be  provided  with  all  water  distnbut’on  Dicing 

Frames 

The  frames  (HPi  snail  be  fully  welded  anc  aip  ga'.anized  aftei 
fabrication 

The  frames  (IGCi  shall  be  fully  welded  anq  coated  wit^  a  rust 
preventative  onmer  and  water  proof  fins^ 

Cabinets 

The  cabinets  shaL  be  insulated  with  2"  of  fca'""  urethane  and 
suitable  for  outdoor  application  The  oute*-  oanels  sha  be  pro¬ 
tected  with  an  approved  exterior  finish 

Compressor 

The  compressor  snail  be  of  the  open  tsem  -ne^metic^  '•eciprocat- 
ing  type  complete  with  motor  and  starter  sc^ew  compressor 
with  motor  or  starter. 


Condensers 


The  condenser  shall  be  of  the  evaporative 
(air  cooled). 


tvpe,  (wate^  cooled), 


Refrigerant  piping 

The  refrigerant  piping  shall  utilize  direct  expansion  va‘ves,  hot 
gas  harvesting  valves  and  a  suction  line  accurr  jiator  w-ith  integral 
liquid  suction  interchange^  receiver  designed  to  hold  entire 
refrigerant  charge  All  vessels  shall  be  constructed  m  accordance 
with  the  ASME  Pressure  Vessel  Code. 


Controls 


Controls  shall  be  electric  or  electronic  ana  -"Cude  all  ce  harvest¬ 
ing  controls,  water  level  controls,  and  re*^  ce’-at:on  cc'^trols. 

TESTING: 

AI!  system  components  are  operationally  cr^ec-ed  be-C'e 
shipping. 

Full  factory  run  tests  are  available  upon  m-c  jes: 


•  TURBO 

K  I  s  n  SI'  I  I  i  II  >  I  I  (I!  :  1  1  I  U  K\  \  \  |  ^  I(  Jk'  \i  .1 


TURBO  REFRIGERATING  COMPANY 


F^rj  BOX 


dfnton  T>.  ; 
H- ih' 

T[  Lf  -*  i)H.'  'V 
f  AX  n  1  7  ih." 


0  3*)4 


8-92  5M 


TE30 


A  new  application  of  an  old  idea  that  can 
cut  air  conditioning  energy  costs  in  half. 


Air  conditioning  during  summer  daytime  hours 
is  the  largest  single  contributor  to  utility 
“peak  demand”  charges.  After  noon,  as  more  air 
conditioners  are  needed  to  maintain  comfortable 
temperatures,  the  increased  demand  for  electricity 
adds  to  that  already  created  by  lighting,  operating 
equipment  computers  and  thousands  of  other 
uses.  This  requires  the  utility  to  bring  additional, 
more  costly  generating  sources  on  line  to  handle 
its  increased  demand.  Commercial  users  whose 
large  air  conditioning  loads  contribute  to  these 
added  generating  requirements  are  assessed  an 
additional  charge  based  on  their  highest  on-peak 
demand  for  electricity. 

An  Ice  Bank  Stored  Cooling  System  is  either  a 
load-shifting  or  load-leveling  method  which  will 
significantly  lower  demand  charges  during  the 
air  conditioning  season  and,  consequently, 
energy  costs.  It  uses  a  standard  packaged  chiller 
to  produce  solid  ice  at  night  during  off-peak 
periods  when  the  building’s  electrical  needs  are 
at  a  minimum.  The  ice  is  built  and  stored  in 
modular  ice  tanks  to  provide  cooling  to  help  meet 
the  building’s  air  conditioning  load  requirement 
the  following  day. 


Making  ice  at  night  and  using  its  stored  energy 
during  the  day  is  not  a  new  or  experimental  idea. 
This  concept  had  been  employed  for  years  in 
cooling  short-peak  applications  such  as  churches 
and  theatres.  However,  longer  peak  uses  were 
served  by  air-source  rooftop  and  chiller-type 
air  conditioners  which  were  less  costly  to  install. 
Now  there  is  renewed  interest  in  a  broad  use  of 
ice-making  systems  by  both  users  and  utilities 
as  the  best  way  to  offset  rising  operating  costs. 

In  fact.  Stored  Cooling  Systems  are  what  summer- 
peaking  utilities  must  have  to  avoid  the  unbearable 
costs  of  new  generating  plants. 

Ice  Banks  not  only  can  cut  operating  costs  in  half 
but  they  can  also  substantially  reduce  capital 
outlays  when  systems  are  suitably  designed  for 
new  commercial  and  industrial  buildings. 
Engineers  can  specify  half-size  chillers  operating 
24  hours  a  day  rather  than  full-size  chillers 
operating  only  10  or  12  hours  per  day.  In  retrofit 
applications,  an  Ice  Bank  Stored  Cooling  System 
can  often  provide  cooling  for  an  addition  to  a 
building  without  adding  chiller  capacity. 


Atlantic  Southern  Properties  Mays  Landing  NJ 


How  the  LEVLOAD  System  Works 


The  LEVLCAD  Ice  Bank  is  a  modular,  insulated  polyethylene 
tank  containing  a  spiral-wound  plastic  tube  heat  exchanger 
surrounded  with  water.  They  are  available  in  four  sizes  -  90, 
100, 190  and  570  ton-hours.  At  night,  a  75  percent  water - 
25  percent  glycol  solution  from  a  standard  packaged  air 
conditioning  chiller  circulates  through  the  heat  exchanger 
and  extracts  heat  until  eventually  all  the  water  in  the  tank 
is  frozen  solid.  The  ice  is  built  uniformly  throughout  the  tank 
by  the  patented  temperature-averaging  effect  of  closely 
spaced  counterflow  heat  exchanger  tubes.  Figure  5.  Water 
does  not  become  surrounded  by  ice  during  the  freezing 
process  and  can  move  freely  as  ice  forms,  preventing 
stress  or  damage  to  the  tank. 


shown  in  Figures  6  and  7. 

At  night,  the  water-glycol  solution  circulates  through  the 
chiller  and  the  Ice  Bank  heat  exchanger,  bypassing  the 
air  handler  coil.  The  fluid  is  at  26F  and  freezes  the  water 
surrounding  the  heat  exchanger. 

During  the  day,  the  solution  is  cooled  by  the  Ice  Bank  from 
52F  to  34F.  A  temperature  modulating  valve  set  at  44F  in  a 
bypass  loop  around  the  Ice  Bank  permits  a  sufficient  quantity 
of  52F  fluid  to  bypass  the  Ice  Bank,  mix  with  the  34F  fluid, 
and  achieve  the  desired  44F  temperature.  The  44F  fluid 
enters  the  coil,  where  it  cools  air  from  75F  to  55F.  The  fluid 
leaves  the  coil  at  60F  enters  the  chiller  and  is  cooled  to  52F. 

It  should  be  noted  that  while  making  ice  at  night,  the 
chiller  must  cool  the  water-glycol  solution  to  26F,  rather 
than  produce  44  or  45F  water  temperatures  required  for 
conventional  air  conditioning  systems.  This  has  the  effect 
of  "derating”  the  nominal  chiller  capacity  by  approximately 
30  percent  Compressor  efficiency,  however,  is  only  slightly 
reduced  because  lower  nighttime  temperatures  result  in 
cooler  condenser  water  from  the  cooling  tower  and  help 
•  keep  the  unit  operating  efficiently.  Similarly,  air  cooled 
chillers  benefit  from  cooler  condenser  entering  air 
temperatures  at  night 

The  temperature  modulating  valve  in  the  bypass  loop  has 
the  added  advantage  of  providing  unlimited  capacity 

•  control.  During  many  mild  temperature  days  in  the  spring 
and  fall,  the  chiller  will  be  capable  of  providing  all  the 
necessary  cooling  for  the  building  without  assistance  from 
stored  cooling.  When  the  building’s  actual  cooling  load  is 
equal  to  or  lower  than  the  chiller  capacity,  all  of  the  system 
coolant  flows  through  the  bypass  loop,  as  in  Figure  8, 


26F 


Chiller 


32F 


Charge  Cycle  Figure  6 


Coil 


)  Temperature 

Modulating  Valve 


Automatic  Diverting  Valve 


Discharge  Cycle  Figure? 


^55F 


Ice  Bank  f  1  Temperature 

Modulating  Valve 


Automatic  Diverting  Valve 


Figure  8 


►  55F 


Temperature 
Modulating  Valve 


The  glycol  recommended  for  the  solution  is  an  ethylene 
glycol-based  industrial  coolant  such  as  Dow  Chemical 
Company’s  Dowtherm®  SR-1  or  Union  Carbide  Corporation’s 
UCARTHERMf  which  are  specially  formulated  for  low 
viscosity  and  superior  heat  transfer  properties.  These  contain 
a  multi-component  corrosion  inhibitor  system  which  is 
effective  with  most  materials  of  construction,  including 
aluminum,  copper,  solder  and  plastics.  Unlike  automotive- 
type  anti-freeze,  they  produce  no  films  and  contain  no 
anti-leak  agents  to  interfere  with  heat  transfer  efficiency 
and  permit  use  of  standard  system  pumps,  seals  and  air 
handler  coils.  However,  because  of  the  slight  difference  in 
heat  transfer  coefficient  between  water-glycol  and  plain 
water,  coil  capacity  should  be  increased  by  approximately 
5  percent  It  is  also  important  that  the  water  and  glycol  be 
thoroughly  mixed  before  the  solution  enters  the  system. 
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ElHYLEyi  SLYOSL 

An  industrially  inhibited  ethylene  glycol  solution  specif¬ 
ically  designed  for  HVAC  applications  must  be  used  with 
the  ICE  CHILLER*  Thermal  Storage  Unit.  The  25%  by 
weight  ethylene  glycol  solution  is  designed  to  provide 
freeze/burst  and  corrosion  protection.  Corrosion 
inhibitors  are  provided  to  minimize  system  corrosion 
without  fouling.  Dowtherm*  SR-1*  and  UCARTHERM®** 
are  acceptable  fluids. 

MCDULAH  COASTHUCHON 

The  rectcuigular  design  of  these  units  maximizes  the 
ton-hours  per  square  foot  of  available  plan  area.  The 
product  is  designed  specifically  for  tight  installations 
where  access  is  limited.  The  7’- 10”  wide  units  are 
designed  so  that  they  can  be  installed  through  interior 
double-door  openings.  For  applications  where  extreme 
access  limitations  exist,  the  tanks  are  available  unassem¬ 
bled  for  field  erection.  Units  can  be  installed  either 
indoors  or  outdoors. 


S  I 


Coir  Fabrication 


Galvanizecf  Steel  Coil 


Structural  Steel  Channels 


:: :  Coils  Instailecl  liiTheTanIt  ; 


FORM  160.47-EGl  (491) 


•( 

YORK 

CodePak ” 

Rotary  Screw  Liquid  Chiilers 


125  through  675  tons 


FORM160.46-EG1  (1191) 


CodaPak" 


Centrifugal  Liquid  Chiilers 


Rated  in  Accordance  with 
ARI  Standard  550-90 


MODEL  YT 

150  THROUGH  1000  TONS 


FULLY  COMPATIBLE  WITH  R-11  AND  R-123 


/. 


62  Standard  Sizes 

210  to  8800  GPM 

130  to  2110  Tons 


Featuring:  •  The  New  EASY  CONNECT”  Piping  Arrangement 

•  The  BALANCE  CLEAN^”  Chamber 

•  Fiberglass-Reinforced  Polyester  casing  and  louvers 


APPENDIX  D 


COOLING  LOAD  AND  DEMAND  PROFILE 
COMPUTER  PRINTOUTS 
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COLD  THERHAL  STORAGE  ~  ALTERNATIVE  i 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE-' 
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1 
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67.8 
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COLD  THERHAL  S70RA6E  -  ALTERNATIVE  1 
6  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 


Neekday -  - -  Saturday 
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185.6 

135.6 

127.4 

2,200 

iS5,6 

185.6 

127.4 

2,200 

9 

67.6 

63.3 

220.8 

220.8 

145.4 

2,200 

220.  S 

220.  S 

145.4 

2,200 

10 

70.7 

65.2 

286.9 

286.9 

182.4 

2,200 

286.9 

286.9 

1S2.4 

2 , 200 

11 

74.0 

67.5 

432.3 

432.3 

2U.1 

2,200 

432.3 

432,3 

276.7 

2,200 

12 

77.1 

69.8 

557.6 

557.6 

377,9 

2,200 

557.6 

557.6 

377.9 

2,200 

13 

79.6 

71.6 

535 . 2 

535.2 

365.3 

2,200 

535,2 

535.2 

365.3 

2^200 

14 

81.3 

72.7 

534.2 

534.2 

368.0 

2,200 

534.2 

534,2 

368.0 

2,200 

15 

81.8 

72. S 

561.4 

561.4 

390.6 

2,200 

561.4 

561.4 

390.  S 

2,200 

16 

81.6 

73.1 

609.6 

609.6 

433.3 

2,200 

609.6 

609.6 

433.3 

2,200 

17 

81.0 

72.7 

678. 8 

630.0 

450.0 

2,151 

678. 8 

630 . 0 

450.0 

16 

60.0 

71.6 

665.1 

630.0 

445.9 

2,il6 

665.1 

630.0 

445.9 

2,116 

19 

78.7 

71.3 

542.0 

542.0 

369.9 

2,116 

542.0 

542.0 

369.9 

2,116 

20 

77.1 

72.0 

496.4 

496.4 

335.9 

2,116 

496.4 

496.4 

335.9 

2,116 

21 

75,3 

71.8 

448.1 

448.1 

299.1 

2,116 

448.1 

443.1 

299.1 

2,116 

22 

73.3 

71.0 

338. 5 

338.5 

224 . 9 

2,116 

338.5 

338.5 

224 . 9 

2,116 

23 

71.3 

68.9 

227.4 

227.4 

158.6 

2,116 

227.4 

227,4 

158.6 

2,116 

24 

69.4 

66.8 

158.1 

158.1 

121.6 

2,116 

I5S.1 

158.1 

121.6 

2,116 

Trane  ftir  Conditioning  Econosics 
By:  C.D.S.  HARKETIWB 


V  too 

PAcE 


COLD  THERHAL  STORAGE  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

—  BUILDING  COOLING  DEMANDS  AND  THERHAL  STORAGE 
July 


-  DeEign  - 


Desi 

gn 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Decand 

Capacity 

Hour 

(Fi 

(F! 

(Ton) 

(Tor) 

(kli) 

(Ton-Hr! 

1 

73.4 

68.8 

258.3 

343.8 

313.0 

2,200 

2 

72.3 

67.9 

206.7 

206.7 

146.4 

2,200 

3 

71.4 

67.2 

185.6 

185.6 

135.0 

2,200 

4 

70.7 

i7.0 

180.9 

180,9 

132.5 

2,200 

5 

70.3 

66.9 

252.9 

252.9 

168.0 

2,200 

6 

71,0 

67,4 

326.9 

32i,9 

209.4 

2,200 

7 

72.1 

68.4 

380.7 

380.7 

244.4 

2,200 

S 

74.1 

69.3 

401.4 

401.4 

260.1 

2,200 

R 

77.0 

70.1 

420.6 

420.6 

275.2 

2,200 

10 

80.4 

71,4 

494.4 

494.4 

C'V-2  (  iJ 

2,200 

11 

84.2 

73.3 

672.3 

630.0 

452.3 

2,158 

12 

87. B 

75.5 

775.6 

630,0 

460.7 

2,012 

13 

90.5 

76.5 

733.0 

630.0 

464.6 

1,909 

14 

92.3 

76.8 

y  SC'. 

630.0 

465.8 

1,776 

13 

93.0 

77.0 

805.4 

630.0 

466.6 

1,600 

16 

9*?  3 

76.7 

891.8 

630.  G 

465.4 

1,339 

17 

90.8 

75.3 

889.6 

630.0 

459,9 

1,079 

18 

6S.3 

74.2 

860.2 

630.0 

455.7 

849 

19 

85.4 

72.9 

714.1 

630.0 

450.8 

765 

20 

82.4 

73.4 

690.5 

630.0 

452.6 

714 

21 

80.0 

73.0 

641.2 

630.0 

451.1 

703 

22 

77.7 

72.3 

559.5 

559.5 

387.6 

703 

23 

75.9 

70.6 

426.3 

426.3 

280.4 

703 

24 

74.6 

69.4 

280.2 

280.2 

187.6 

703 

u_ 

j... _ 

- fteeKUssy 

------  JJdLjrUtf; 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Detand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ion) 

(Ton) 

{):«) 

(Ton-Hr) 

(Ton) 

(Ton) 

(k«i 

(Ton-Hr) 

1 

74.3 

71.0 

259.7 

485.0 

476.6 

928 

265.3 

485.0 

476.6 

1,782 

2 

71.9 

68.8 

219.9 

485.0 

467.7 

1,192 

214.6 

4S5.0 

467.7 

2,051 

3 

69.9 

67.0 

167.1 

485.0 

460.5 

1,509 

167.3 

318.4 

283.8 

2,200 

4 

68.3 

65.9 

152,3 

485.0 

456.3 

1,841 

152.7 

152.7 

117.9 

2,200 

t, 

67.4 

65.2 

203.0 

4B5.0 

^^53.6 

2,121 

203.1 

203.1 

140.2 

2,200 

6 

67.0 

64.9 

256.9 

337.4 

295.6 

2,200 

256.9 

256.9 

166.1 

2,200 

7 

67.5 

65.3 

274.1 

274.1 

175.8 

2,200 

274.2 

274.2 

175.9 

2,20c 

a 

68. S 

65.6 

262.6 

262 . 6 

170.5 

2,200 

^  Oil. .  a 

A 

170.5 

2,200 

9 

70.9 

65.7 

243.7 

24S .  7 

163.5 

2,200 

246.7 

248.9 

163.5 

2,200 

10 

73^  A 

66 . 5 

305.3 

305.3 

2,200 

305.3 

305.3 

195,2 

2,200 

11 

76.7 

67.9 

454.0 

454.0 

293 . 0 

2,200 

454.0 

454.(1 

293 . 0 

2,200 

12 

79.9 

69.9 

581.5 

581.5 

393.0 

2 , 200 

581 , 5 

581.5 

398.0 

2,200 

13 

33.0 

71.3 

563.2 

563.2 

387.4 

2,200 

E  .i  7  n 

563.2 

*^27  4 

2,200 

Trane  Air  Conditioning  Eccnoftics 
By:  C.D.S.  rlAftKETlN6 
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COLD  THERHAL  STORABE  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 


Weekday -  - -  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

GANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

4 '  / 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

14 

85.7 

72.5 

597.7 

597.7 

420.7 

2 , 200 

597.7 

597.7 

420.7 

2,200 

ID 

S7.e 

73.9 

654.3 

630.0 

454.5 

r-  17.S 

654.3 

630.0 

454.5 

2,176 

16 

89.1 

75.3 

737.3 

630.0 

459.9 

2,063 

/v'-y 

630,0 

459.9 

2,068 

17 

89.5 

75.5 

810.6 

630.0 

460.7 

1,888 

810.6 

630.0 

460.7 

1,888 

IS 

B9.2 

76.2 

803.8 

630.0 

463.4 

1,714 

803.8 

630 , 0 

463.4 

1,714 

19 

88.3 

76.7 

700.3 

630.0 

465.4 

1,644 

700.3 

630.0 

465.4 

1,644 

20 

86.7 

73. 6 

684.0 

630.0 

472.9 

1  ^  59(} 

634.0 

630.0 

472.9 

1,590 

21 

84.7 

78. S 

656.5 

630.0 

473.7 

1,563 

656.5 

630.0 

473 . 7 

1,563 

82.3 

78. 0 

549.7 

549,7 

398.5 

1,563 

549.7 

549.7 

398.5 

1,563 

23 

79.6 

75.4 

419.7 

419.7 

289.3 

1,563 

419.7 

419.7 

239.3 

1,563 

24 

76.9 

73.0 

325.9 

325 .  ? 

222.1 

1,563 

325.9 

325.9 

222.1 

1,563 

Sunday  * -  - Honday 


Typical 

Cool ing 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

C.hiller 

Storage 

OADB 

GANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Ton -Hr) 

1 

74.3 

71.0 

265,3 

485.0 

476.6 

1 . 732 

'^65.3 

48  5.0 

476.6 

1,782 

2 

71.9 

68. £ 

214.6 

485.0 

467.7 

2,051 

214.6 

485.0 

467.7 

2,051 

69.9 

67.0 

167.3 

313.4 

283.  S 

2,200 

167.3 

318.4 

283.8 

2,200 

4 

68.3 

65.9 

152.7 

152.7 

117.9 

2,200 

152.7 

152.7 

117.9 

2,200 

5 

67.4 

65.2 

203.1 

203.1 

140.2 

2 , 200 

203.1 

203.1 

140.2 

2,200 

6 

67.0 

64.9 

256.9 

256.9 

166.1 

2,200 

256.9 

256.9 

166.1 

2,200 

7 

67.5 

65.3 

274.2 

274.2 

175.9 

2,200 

274.2 

274.2 

175.9 

2,200 

8 

68. S 

65.6 

262.6 

262 . 6 

170.5 

2,200 

262.6 

262.6 

170.5 

2,200 

9 

70.9 

65.7 

243.7 

248.7 

163.5 

2,200 

248.7 

248.7 

163.5 

2,200 

10 

73.6 

66.5 

305.3 

305.3 

195.2 

2,200 

305.3 

305.3 

195.2 

2,200 

11 

76.7 

67.9 

454.0 

454.0 

293.0 

')  'JnA 

^  vv 

454.0 

454.0 

293.0 

2,200 

12 

79.9 

69.9 

581.5 

581.5 

393.0 

2,200 

531.5 

581.5 

398.0 

2,200 

13 

83.0 

71,3 

563.2 

563.2 

387.4 

2,200 

563.2 

563.2 

337. 4 

2,200 

14 

85.7 

72.5 

597.7 

597.7 

420.7 

2,200 

597,7 

597.7 

420.7 

2,200 

15 

87,8 

73.9 

654.3 

630.0 

454.5 

9  t7A 

654.3 

630.0 

454.5 

2,176 

16 

89.1 

75.3 

737.3 

630.0 

459.9 

2,068 

737.3 

630.0 

459.9 

2,068 

17 

89.5 

75.5 

810.6 

630.0 

460.7 

1,888 

310.6 

630.0 

460.7 

1,888 

18 

89.2 

76.2 

803.8 

630,0 

463.4 

1,714 

803.8 

630.0 

463.4 

1,714 

19 

SS,3 

76.7 

700.3 

630.0 

465.4 

1,644 

700.3 

630.0 

465.4 

1,644 

20 

86.7 

78.6 

684.0 

630.0 

472.9 

1,590 

684.0 

630.0 

472.9 

1,590 

21 

84.7 

78.8 

656.5 

630.0 

473.7 

1,563 

656.5 

630.0 

473.7 

1,563 

22 

82. 3 

78.0 

549.7 

549.7 

'398.5 

1,563 

549.7 

549.7 

398.5 

1 , 563 

23 

79.6 

75.4 

419.7 

419.7 

239.3 

1,563 

419.7 

419.7 

289.3 

1 , 563 

2A 

76.9 

73.0 

325 . 9 

325.9 

222.1 

1,563 

325.9 

325.9 

222.1 

1,563 

Trane  Air  Conditioning  Econcsics 
Byi  C.D.S.  HARKETIkB  ’ 


V  600 
PABE 


COLD  THERHAL  ST0RA6E  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- BUILDING  C  0  D  L  I  N  E  D  E  N  A  N  D  S  ’  A  N  D  T  H  E  R  R  A  L  STORAGE 

August 


Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OA«B 

Load 

Load 

Deiand 

Capacity 

Hour 

(FI 

(F) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

1 

70.5 

64.5 

164.0 

495.0 

451.0 

1,893 

2 

69.5 

63.5 

133.5 

452.1 

409.4 

2,200 

3 

68. 7 

63.0 

120.1 

120.1 

100.2 

2,200 

4 

6S.1 

62.4 

107.0 

107.0 

94.1 

2,200 

c 

67.9 

62.6 

162.3 

162.3 

117.6 

2,200 

6 

68.3 

63.2 

240.7 

240.7 

154.8 

2,200 

7 

69.3 

64.1 

261.5 

261.5 

166.9 

2,200 

8 

71.1 

64.9 

292.4 

292.4 

184.6 

2,200 

9 

73.7 

66.1 

328.4 

328.4 

207.2 

2,200 

10 

76.8 

67.2 

406.9 

406.9 

253 .  B 

2,200 

11 

80.2 

68. 9 

583.6 

583.6 

396 . 4 

0  onn 

^  V 

12 

83.4 

70.6 

695.3 

630.0 

442.3 

♦  7C 

13 

S5.e 

71.5 

664.3 

630.0 

445.6 

r  j  A  A 
t  i  W 

14 

87.5 

C 

/  i  . 

698.6 

s  0 

449.3 

2,032 

15 

88.1 

72.7 

727.3 

630.0 

450.0 

1,934 

16 

87.5 

71.7 

794,2 

630.0 

446.3 

1,770 

17 

86. 0 

70.6 

806.4 

630.0 

442,3 

1,594 

IS 

83.8 

69.7 

758.7 

630 . 0 

439.1 

1,465 

19 

81.2 

68.5 

598.2 

598.2 

407.5 

1,465 

20 

78.6 

68.7 

545.2 

545.2 

364.4 

1,465 

21 

76.4 

68.8 

454.4 

454.4 

295.6 

1,465 

22 

74,3 

67.6 

321.1 

321.1 

206.5 

1,465 

23 

72.7 

66.4 

220.8 

220.8 

150.8 

1,465 

24 

71.5 

65.3 

194.9 

194.9 

136.4 

1,465 

_ 

-  “ 

turday  - 

Typ 

leal 

Cooling 

Chi  Her 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

1 

70.1 

65.3 

145.1 

4B5.0 

454.0 

1,804 

150.5 

200. 7 

184.2 

2,200 

n 

A. 

68.2 

63.5 

116.3 

485.0 

447.3 

0  171 

115.6 

115.6 

98.9 

2,200 

3 

66.6 

62.2 

83.4 

119.1 

124.0 

2,200 

88.6 

88.6 

B6.7 

2,200 

4 

65.4 

61.1 

72.4 

72.4 

79.6 

2,200 

79  H 

72.3 

79.6 

2,200 

5 

64.6 

60.7 

101.2 

101.2 

89.9 

2,200 

101.5 

101.5 

90.1 

2,200 

6 

64.4 

60 . 7 

175.6 

175.6 

120.6 

2,200 

175,5 

175.5 

120.6 

2,200 

7 

64.9 

61.2 

173.0 

173.0 

ion  0 

2,200 

173.0 

173.0 

120.2 

2,200 

9 

66.3 

61.6 

179.8 

\  IQ  .  5 

2 , 200 

ISO ,  0 

180.0 

123.9 

2,200 

9 

68. 5 

62.5 

17S.1 

178,1 

124.4 

2,200 

17S.0 

17S.0 

124.4 

9  9An 

5  *  V  V 

10 

71.4 

63.6 

250.5 

250.5 

160.4 

250.6 

250,6 

160.5 

2,200 

11 

74.5 

65.1 

396 . 0 

396 . 0 

246 .  ? 

2,200 

39-6,0 

396,0 

246.7 

12 

77.6 

66.8 

504.8 

504 .  S 

327 . 3 

2,200 

504 . 3 

504.  S 

327 , 3 

2,200 

23 

80.5 

6S.2 

495.1 

495.1 

323.9 

2,200 

495.1 

495. ; 

799^  ‘9 

2,200 

Trane  Air  Conditioning  Eccnocice 
By:  C.D.S.  MARKETING 


V  60 
PAGE 


COLD  THERflAL  STORAGE  -  ALTERNATIVE  1 
B  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 


Weekday -  - -  Saturday 


Typical 

Cooling 

Chille’- 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

C  t  nr  1 n  o 

w  wirf/  C  M  1. 

OADB 

OAHB 

Load 

Load 

Deiend 

Capacity 

Load 

Load 

Detand 

Capacity 

Hour 

(FI 

iFI 

(Ton! 

(Ton; 

im 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Ton -Hr) 

14 

82.7 

69.7 

525.9 

525.9 

352.0 

2,200 

525.9 

525.9 

352.0 

2,200 

15 

84.2 

70.7 

562.3 

562.3 

384.6 

562.3 

562,3 

394.6 

2,200 

16 

84.6 

70.5 

612.6 

612.6 

426.7 

2,200 

612,6 

612.6 

426.7 

2,200 

17 

84,4 

70.4 

663.2 

630.0 

441.6 

2,162 

668.2 

630.0 

441.6 

2,162 

IS 

6 

70.7 

640.3 

630.0 

442.7 

2,152 

640.3 

630.0 

442.7 

2,152 

19 

82.4 

70.7 

496.1 

496.1 

331.8 

2,152 

496.1 

496.1 

331.8 

2,152 

20 

80.  e 

71.9 

476.3 

476.3 

320.2 

476.3 

476.3 

320.2 

2,152 

21 

78.9 

72,4 

433.7 

433.7 

290.3 

2,152 

433.7 

433.7 

290.3 

2,152 

22 

76.8 

71.1 

330.5 

330.5 

220.3 

2,152 

330.5 

330.5 

220.3 

2,152 

23 

74.5 

i9.3 

243.3 

243.3 

167,5 

2,152 

243.3 

243.3 

167.5 

2,152 

24 

72.2 

67.2 

198.3 

198.3 

141.1 

2,152 

198.3 

198.3 

141.1 

2,152 

_ 

- Sunday  ■; — 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

DANB 

Load 

Load 

De.«erid 

Capacity 

Load 

Load 

Deaand 

Capacity 

Hour 

(F) 

{F! 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kS) 

(Jon-Hr) 

1 

70.1 

65.3 

150.5 

200.7 

iC*? ,  i. 

2 

6B.2 

63.5 

115.6 

115.6 

Of; ,  0 

7 

66.6 

62,2 

88.6 

88.6 

36.7 

4 

65.4 

61.1 

72.3 

72.3 

79.6 

64,6 

60.7 

iOi.5 

101.5 

90.1 

6 

64.4 

60.7 

175.5 

175.5 

120,  i 

7 

64.9 

61.2 

173.0 

173.0 

120.2 

8 

66.3 

61.6 

180.0 

180.0 

123.9 

9 

68.5 

62.5 

178.0 

173.0 

124.4 

10 

71.4 

63.6 

250,  fc 

250.6 

160.5 

11 

74.5 

65.1 

396.0 

396.0 

246.7 

12 

77.6 

66.8 

504.8 

504.  B 

327.3 

13 

80.5 

68.2 

495.1 

495.1 

323,9 

14 

82.7 

69.7 

525.9 

525.9 

352.0 

15 

84,2 

70.7 

562.3 

9  W 

384.6 

16 

84.6 

70.5 

612.6 

612.6 

426.7 

17 

84.4 

70.4 

668.2 

630.0 

441.6 

18 

83.6 

70.7 

640.3 

630.0 

442.7 

19 

82,4 

70.7 

496.1 

496.1 

331.  S 

20 

80.8 

71.9 

476.3 

476.3 

21  78.9  72,4  433.7  433.7  290,3 

22  76. B  71.1  330.5  330.5  220.3 

23  74.5  69.3  243.3  243.3  167.5 

24  72.2  67.2  19S.3  198.3  141.1 


2,200 

150.5 

200.7 

1S4.2 

2,200 

2,200 

115.6 

115.6 

98.9 

2,200 

2,200 

88.6 

83.6 

ft.s  7 

9  9AA 

2,200 

72.3 

72.3 

79.6 

2,200 

2,200 

101.5 

101.5 

90.1 

2,200 

2,200 

175.5 

175.5 

120.6 

2,200 

2,200 

173.0 

173.0 

120.2 

2,200 

2,200 

180.0 

180.0 

123.9 

2,200 

2,200 

178.0 

178.0 

124.4 

2,200 

2,200 

250.6 

250.6 

160.5 

2,200 

2,200 

396.0 

396.0 

246.7 

2,200 

2,200 

504.  S 

504.8 

327 ,3 

2,200 

2,200 

495.1 

495.1 

323 .  R 

2,200 

2,200 

525.9 

525.9 

352.0 

2,200 

2,200 

562.3 

562.3 

384.6 

2,200 

2,200 

612.6 

612.6 

426.7 

9  9Aft 

2,162 

668.2 

630.0 

441.6 

2,162 

2,152 

640.3 

630.0 

442.7 

2,152 

2,152 

496.1 

496.1 

X  .8 

2,152 

2,152 

476.3 

476.3 

320.2 

2,152 

433.7 

433.7 

290.3 

2,152 

9  1=,9 

330,5 

330.5 

220,3 

2,152 

2,152 

243.3 

243.3 

167.5 

2,152 

^  t  ^  b'i. 

198.3 

19S.3 

141.1 

2 , 1 52 

1 


Trar?e  Air  Ccnditicninc  Ecohdrice 
By;  C.D.E.  HARKETINS  * 


V  500 
PABE  7 


COLD  THERMAL  STORAGE  -  ALTERNATIVE  I 
8  HOUR  ICE  BUILD,  15  HOUR  CHILLER  RUN 

BUILDING  COOLING  DE  HANDS  AND  THE  R  HAL  STORAGE 
September 


DesiQn 


DeEicR 

Cooling 

Chiller 

Chiller 

OADB 

OAKB 

Load 

Load 

Desand 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k«) 

1 

54.3 

60,7 

75.5 

125.8 

125.4 

2 

59,8 

50.2 

50.2 

71,7 

3 

52.4 

59,2 

48. i 

48.1 

57,2 

4 

51.8 

58.5 

35,4 

35.4 

42.0 

5 

51.5 

58.3 

42.2 

42.2 

50.2 

5 

62,0 

5S.7 

54.3 

54.3 

64.5 

7 

53,1 

59. B 

142.1 

142.1 

105.5 

e 

54.9 

51.3 

145.5 

146.5 

109.0 

9 

57.5 

52.3 

207.5 

207.5 

137.5 

10 

70.5 

53.4 

305.5 

305.5 

IBS, 9 

11 

74.0 

55.1 

491.7 

491.7 

312.9 

12 

77.3 

55.5 

511.3 

511.3 

412.3 

13 

79.7 

58,1 

c?^-  7 

579.7 

390,5 

14 

81.3 

58.9 

595.3 

5?6,3 

407.2 

15 

81.9 

59.3 

523.8 

523.  B 

432.2 

15 

81.3 

58.8 

584.1 

530 , 0 

435.9 

17 

79.9 

58,2 

594.5 

530 . 0 

433,8 

IS 

77.7 

57.0 

653,5 

530 . 0 

429.7 

19 

75.0 

55.9 

505.2 

505.2 

20 

72.4 

55.5 

359.5 

359.5 

233.2 

21 

70.2 

55,3 

283.2 

283.2 

180.5 

22 

58.  i 

53.7 

159.8 

159.8 

122.4 

23 

55.5 

52.5 

112.5 

112.5 

95.5 

24 

55,3 

51.5 

95.5 

95.5 

99.1 

- Weekday 

Typ 

ical 

Cooling 

Chiller 

Chiller 

OADB 

OAHB 

Load 

Load 

Desand 

Hour 

(F) 

(Fi 

(Ton) 

(Ton) 

{m 

1 

53.9 

51.5 

58.5 

212,3 

184.2 

2 

52.0 

59.7 

47.5 

47,5 

55.6 

3 

50.4 

58.4 

25.5 

25.5 

31.5 

4 

59.2 

57.1 

15.4 

15.4 

18.3 

5 

58.4 

55.3 

19.2 

19.2 

,  22.8 

5 

58.2 

55.1 

24.3 

24.3 

28.9 

7 

58.7 

55.7 

8.4 

0 . 0 

0.0 

8 

50 . 1 

*^7  9 

P7  A 

ST  M 

W  f  b- 

83,9 

9 

52,4 

58,5 

79,2 

79.2 

60 . 8 

10 

55.2 

59,5 

142.2 

142,2 

105.5 

11 

58.3 

51.1 

275,  >. 

153,4 

12 

71.5 

52,7 

415.0 

415.0 

253.5 

13 

74.3 

54.5 

413.9 

413.9 

257,3 

Storage 

Capacity 

(ToR-Hr) 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

2,200 

9  ?rsn 

V  V 

2,200 

2,145 

2,oei 

r  AES 

5  V  V-  h/ 

2,058 

2,05S 

2,058 

2,058 

2,058 

2,058 


Saturday 


Storage 

Cooling 

Chiller 

Chi 1 i er 

Storage 

Capacity 

Load 

Load 

Desand 

Capacity 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

2,200 

74.8 

74.8 

80.9 

? 

v-v- 

2,200 

48.1 

48.1 

57.3 

2 , 200 

2,200 

25.5 

25.5 

31.5 

2,200 

2,200 

15.4 

15.4 

18.3 

2,200 

2,200 

19.2 

19.2 

22.8 

2,200 

2,200 

24.3 

24.3 

28.9 

2,200 

2^200 

B.4 

0.0 

0.0 

2,200 

2  ( 2-0 

87,5 

s  7  ^ 

83.9 

*  ,  l-  V 

2 , 200 

79.2 

79,2 

5  A  n 

7  7AA 

vv 

2,200 

142.9 

142.9 

105.8 

V 

2,200 

275.3 

1 58 . 4 

2,200 

2,200 

415,0 

415.0 

253.6 

7  ?Ap"i 

2,200 

414,3 

A  i  ^  “7 

7E7  E 

■7  ?AA 

^  V  V 

Irene  Air  Conditioning  Econotics 
Byj  C.D'.S.  HARKETIKS 

COLD  THERHAL  STORAGE  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  U  HOUR  CHILLER  RUN 


Weekday -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deaand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

iFi 

(FI 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

(Ton) 

(Ton) 

(kt() 

(Ton-Hr) 

14 

76.6 

66.0 

456.6 

456.6 

299.9 

2,200 

456.6 

456.6 

289.9 

2,200 

15 

76.0 

67.1 

465.5 

465.5 

299.1 

2,200 

465.5 

465.5 

299.1 

2 , 200 

16 

7B.5 

67.5 

514.5 

514.5 

336.7 

7  ?AA 

-  > 

514.5 

514.5 

336.7 

2,200 

17 

78.2 

67.9 

550.9 

550.9 

366.5 

2,200 

550.9 

550.9 

366.5 

2,200 

16 

77.5 

68.0 

499.0 

499.0 

326.3 

2,200 

499.0 

499.0 

326.3 

2,200 

19 

76.3 

69.3 

379.7 

379.7 

245.9 

2,200 

379.7 

379.7 

245.9 

2,200 

2D 

74.7 

70.0 

348. 0 

348.0 

228.1 

2 , 200 

348.0 

348. 0 

228.1 

2,200 

21 

72.7 

69.0 

290.0 

290.0 

192.2 

2,200 

290.0 

290.0 

192.2 

2,200 

22 

70.6 

67.3 

190.0 

190.0 

137.3 

2,200 

190.0 

190.0 

137.3 

2,200 

23 

6S.3 

65.4 

121.4 

121.4 

103.6 

2,200 

121.4 

121.4 

103.6 

2,200 

24 

66.1 

63.6 

104.2 

104.2 

94.3 

2,200 

104.2 

104.2 

_ M 

94.3 

2,200 

iiunuaj 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OA«B 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Deft and 

Capacity 

Hour 

(F! 

(F! 

(Ton) 

(Ton) 

(kKl 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

t 

AA.g 

61.5 

74.3 

74.3 

30.^ 

2,200 

74.8 

74. S 

80.9 

2.200 

2 

62.0 

59.7 

46.1 

4S,i 

2,200 

48.  i 

48.1 

^,7  7 

vv 

3 

60.4 

56. 4 

26.6 

26.6 

31.6 

2,200 

26.6 

26.6 

31.6 

2,200 

4 

59.2 

57.1 

15.4 

15.4 

iS.3 

2,200 

15.4 

15.4 

IB. 3 

2,200 

5 

5S.4 

56.3 

19.2 

19.2 

22.S 

2^200 

19,2 

19.2 

22. S 

2,200 

6 

56.2 

56.1 

24.3 

24.3 

28.9 

2,200 

24.3 

24.3 

28.9 

2*200 

7 

58.7 

56.7 

8.4 

0.0 

0.0 

2,200 

8.4 

0.0 

0.0 

2,200 

B 

60.1 

57.9 

67.6 

87.6 

83.9 

2,200 

87.6 

87.6 

83.9 

2,200 

9 

62.4 

5S.6 

79.2 

79,2 

80.  S 

2,200 

79.2 

79.2 

SO.S 

2,200 

10 

65.2 

59.6 

142.9 

142.9 

105.8 

2,200 

142.9 

142.9 

105.8 

2,200 

11 

6B.3 

61.1 

275.3 

275.3 

168.4 

2,200 

275,3 

275.3 

163.4 

2,200 

12 

71.5 

62.7 

415.0 

415.0 

253.6 

2,200 

415.0 

415.0 

253.6 

2,200 

13 

74.3 

64.6 

414.3 

414.3 

257.5 

2^200 

414.3 

414.3 

257.5 

2,200 

14 

76.6 

66.0 

456.6 

456.6 

289.9 

2,200 

456.6 

456.6 

289 . 9 

2,200 

15 

78.0 

67.1 

465.5 

465.5 

299.1 

2,200 

465.5 

465.5 

299.1 

2,200 

16 

7B.5 

67.5 

514.5 

514.5 

336 . 7 

2,200 

c.ii  =. 

514.5 

336 . 7 

2,200 

17 

78.2 

67.9 

550.9 

550.9 

366.5 

2,200 

550.9 

550.9 

366.5 

2,200 

IB 

77.5 

68.0 

499.0 

499,0 

326.3 

2,200 

499.0 

499.0 

326.3 

2,200 

19 

76.3 

69.3 

379.7 

379.7 

245.9 

2,200 

379.7 

379,7 

245.9 

2,200 

20 

74.7 

70.0 

348.0 

34B.0 

228.1 

2,200 

348.0 

348.0 

22S.1 

2,200 

21 

72.7 

69.0 

290.0 

290.0 

192.2 

2,200 

290.0 

290.0 

192.2 

2,200 

22 

70.6 

67.3 

190.0 

190.0 

137.3 

2,200 

190.0 

190.0 

137.3 

2,200 

23 

63,3 

65.4 

121.4 

121.4 

U03,6 

2,200 

121.4 

121.4 

103.6 

2,200 

24 

66 . 1 

63 . 6 

104.2 

104.2 

94,3 

2,200 

104.2 

104.2 

94,3 

2,200 

ECO  IH-2 


V  600 
PA6E  9 

COLD  THERHAL  STORAGE  -  ALTERNATIVE  2 
B  HOOR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  COOLING  D  E  H  A  N  D  S  AND  THERMAL  STORAGE  - — 

June 


Trane  Air  Conditicning  Eccnosi:? 
By;  C.C.S.  NARKETINB 


- 

— 

Deei 

gn 

Cooling 

Chiller 

Chiller 

OADB 

OANB 

Load 

Load 

Desand 

Hour 

(F) 

(F! 

(Ton) 

(Toni 

im 

1 

68,7 

65.1 

0.0 

0.0 

0.0 

67.3 

64.4 

0.0 

0.0 

0.0 

3 

67 .0 

63.5 

0.0 

0.0 

0.0 

4 

66.4 

62.7 

0.0 

0.0 

0.0 

5 

66.3 

62.7 

0.0 

0.0 

0.0 

6 

66.6 

63.7 

0.0 

0.0 

0.0 

7 

67.6 

64.5 

0.0 

0.0 

0.0 

8 

69.3 

65.1 

0.0 

0.0 

0.0 

9 

71.8 

66,0 

65.3 

65.3 

84.5 

10 

74.6 

67.6 

109.2 

109.2 

142.9 

11 

77.B 

69.8 

241.8 

241.  B 

208.0 

12 

80,9 

71,9 

334 , 5 

0.0 

0.0 

13 

83.2 

*7 

353.7 

0.0 

0.0 

14 

84,7 

74.4 

435.0 

0.0 

0.0 

15 

B5.3 

74.6 

542.1 

0.0 

0.0 

16 

84.7 

74.5 

692.4 

0.0 

0.0 

17 

83.4 

73.5 

806.8 

0.0 

0.0 

18 

81.3 

71.5 

768.0 

768.0 

503.9 

19 

7S.8 

70.1 

652.3 

652.3 

427.2 

20 

76.3 

70.0 

591.1 

591.1 

390.2 

21 

74.2 

69.5 

546.4 

546.4 

362.4 

22 

72.3 

68.7 

422,4 

422.4 

292 . 5 

23 

70.8 

67.1 

246.2 

246.2 

203,7 

24 

69.7 

65.8 

170.5 

170.5 

168.7 

Li  1  J 

-  Nee R day  — 

Typical 

Cooling 

Chiller 

Chiller 

OADB 

OANB 

Load 

Load 

Desand 

Hour 

(Fi 

(FI 

(Ton) 

(Ton) 

im 

1 

67.6 

il.Z 

119.5 

885.0 

B28.4 

2 

66.0 

63.9 

103.2 

885.0 

818. 9 

% 

V* 

64.6 

62.4 

79.4 

885.0 

.808.9 

4 

63,7 

61.3 

65,3 

8S5.0 

SOI.  9 

5 

6^- 1 0 

60.3 

69.4 

133.4 

174.9 

6 

62.6 

61.2 

153.4 

153.4 

153.3 

7 

63.4 

61.7 

195.5 

195.5 

170.4 

8 

65.1 

62 . 3 

185.3 

185.3 

167.6 

9 

67 . 6 

63.3 

220.8 

220 ,  S 

184.2 

10 

70.7 

65.2 

286.9 

286.9 

n  .  7  4 

11 

74.0 

67.5 

432.3 

432.3 

293.6 

12 

77.1 

69.  S 

557.6 

0.0 

0 . 0 

13 

79.6 

71.6 

535.2 

0.0 

A  ^  f) 

Storage 
Capacity 
(Ton -Hr] 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

4,611 

« ,  *.  i.  -  I 

3,S16 

3,2?i 

2,586 

1,777 

1,777 

1,777 

1,777 

1,777 

1,777 

1,777 

1,777 


Saturday 


Storage 

Cooling 

Chiller 

Chiller 

storage 

Capacity 

Load 

Load 

Desand 

Capacity 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr] 

2,541 

125.9 

885. 0 

828.4 

2,264 

3 , 321 

102.7 

895.0 

818.9 

3,044 

4,123 

79.5 

885. 0 

803.9 

3,847 

4,940 

65.3 

885.0 

301.9 

4,664 

5,000 

69.4 

409.1 

34S.9 

5,000 

AAA 

tJ  J  V  V*  V 

153.5 

153.5 

153.4 

5,000 

5,000 

195.5 

195.5 

170.- 

c  AAA 

fc-  5  V  V  v 

5,000 

135.6 

135.6 

167.7 

5,000 

5  000 

220.8 

220.8 

164.2 

5,000 

5,000 

/'H.S  j  9 

266.9 

217.2 

5,000 

5,000 

432.3 

432.3 

293.6 

5,000 

4,438 

557.6 

0.0 

0.0 

A  iT.5 
••  5 

3,900 

t7E.  7 

0.0 

0 , 0 

3,900 

V  oOO 
PAEE  iO 


Trane  Air  Conditicning  Econcisics 
By;  C.D.S.  HARKETINB 

COLD  THERHAL  STORAGE  >  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


-  Weekday  - 

- Sat 

urday  — 

Typical 

Coolinc 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

CAM 

OA«B 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(Fj 

(F) 

(Ton) 

(Ton) 

(k«i 

(Ton -Hr) 

(Ton) 

(TD!)) 

ik«) 

(Ton -Hr) 

14 

81.3 

72.7 

534.2 

0.0 

0.0 

3 , 362 

534.2 

0.0 

0.0 

3,362 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

9  7 on 

s.  t  ••  w 

561.4 

0.0 

0.0 

2,798 

16 

81.6 

73.1 

609.6 

0.0 

0.0 

2,186 

609.6 

0.0 

0.0 

2,186 

17 

81.0 

72.7 

676.8 

0.0 

0,0 

1,506 

679.8 

0.0 

0.0 

1,506 

IS 

SO.O 

71.6 

665.1 

665.1 

442.2 

1,506 

665.1 

665.1 

442.2 

1,506 

19 

78.7 

71.3 

542.0 

542.0 

367.2 

1 , 506 

542.0 

542.0 

367.2 

1,506 

20 

77.1 

72.0 

496.4 

496.4 

344.0 

1,506 

49i.4 

496.4 

344.0 

1,506 

21 

75.3 

71,8 

448.1 

448. 1 

316.5 

1 , 506 

443.1 

448. 1 

316.5 

1,506 

'7'"/ 

73.3 

71.0 

338 , 5 

338.5 

257 . 1 

1,506 

333. 5 

338. 5 

257.1 

1,506 

71.3 

68. 9 

227,4 

227.4 

199.5 

1 , 506 

227.4 

227.4 

199.5 

1,506 

24 

69.4 

66.8 

158.1 

158.1 

165.7 

1,506 

158.1 

158.1 

165.7 

1,506 

Mr 

- Sunday  •*, - 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deaand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F; 

!F! 

(Toni 

(Ton) 

(kH) 

(Ton -Hr) 

(Toni 

(Ton) 

(kW) 

(Ton -Hr) 

t 

67.6 

65,3 

125,9 

SS5,0 

828 . 4 

2,264 

125.9 

885.0 

325,4 

2,264 

9 

66.0 

63.9 

102.7 

885.0 

818.9 

3,044 

102.7 

SS5.0 

SIS. 9 

3,044 

3 

64.6 

62.4 

79.5 

385.0 

808.9 

3,847 

79.5 

885.0 

808.9 

3,847 

4 

63.7 

61.3 

65.3 

885. 0 

801.9 

4 , 664 

65.3 

835.0 

801.9 

4,664 

63.0 

60.8 

69.4 

409.1 

348.9 

5,000 

69.4 

409.1 

34S.9 

5,000 

6 

62. B 

61.2 

153.5 

153.5 

153.4 

5,000 

153.5 

153.5 

153.4 

5,000 

7 

63.4 

61,7 

195.5 

195.5 

170.4 

5,000 

195.5 

195.5 

170.4 

5,000 

8 

65.1 

62.3 

185. 6 

185.6 

167.7 

5,000 

iS5.6 

185.6 

167.7 

5,000 

0 

67.6 

63.3 

220.8 

220.8 

184,2 

5,000 

220,8 

220.8 

184.2 

5,000 

10 

70.7 

65.2 

286.9 

286.9 

217.2 

5,000 

236.9 

286.9 

217.2 

5,000 

11 

74.0 

67,5 

432.3 

432.3 

293.6 

5,000 

432.3 

432.3 

293.6 

5,000 

12 

77.1 

69.8 

557.6 

0.0 

0.0 

4,433 

557.6 

0.0 

0.0 

••  ,  »  v-w 

13 

79.6 

71.6 

535.2 

0.0 

0.0 

3,900 

535.2 

0.0 

0.0 

3,900 

14 

ei,3 

72.7 

534.2 

0.0 

0.0 

3,362 

534.2 

0.0 

0.0 

3,362 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

2,798 

561.4 

0.0 

0.0 

2,798 

16 

81.6 

73.1 

609.6 

0.0 

0.0 

2,186 

609 . 6 

0.0 

0.0 

2,186 

17 

81.0 

72.7 

678.8 

0.0 

0.0 

1,506 

676.8 

0.0 

0.0 

1,506 

18 

SO.O 

71.6 

665.1 

665.1 

442.2 

1,506 

665.1 

665.1 

442.2 

1,506 

19 

78.7 

71.3 

542.0 

542.0 

367.2 

1 , 506 

542.0 

542.0 

367.2 

1 , 506 

20 

77.1 

72.0 

496,4 

496.4 

344.0 

i[506 

496.4 

496.4 

344,0 

1,506 

21 

75.3 

71.8 

448.1 

448.1 

316.5 

1,506 

448.1 

448.1 

316.5 

1,506 

nn 

73.3 

71.0 

338 , 5 

338 , 5 

257.1 

1,506 

333.5 

z 

t  v‘ 

257.1 

1,506 

23 

71.3 

68.9 

227.4 

227.4 

'199.5 

1,506 

229.4 

227.4 

199.5 

1,506 

24 

69.4 

66,8 

158.1 

15S.1 

165.7 

1,506 

158.1 

158.1 

165.7 

1,506 
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Trane  Air  Conditioning  Econoftics 
By?  C.D.S,  «ARKET!MS  ^ 

COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE  — - 

July 


Design 


Des 

ign 

Coding 

Chiller 

Chiller 

storage 

OADB 

DANE 

Load 

Load 

Deiand 

Capacity 

Hour 

(Ft 

(F) 

(To, 'll 

(Ton) 

(kXi 

I  Ton -Hr  ) 

i 

73.4 

68. 8 

258.3 

BB5.0 

B53.3 

2,131 

2 

72.3 

67.9 

206.7 

835.0 

846.8 

2,808 

3 

71.4 

67.2 

185.6 

885.0 

841. B 

3,505  ■ 

i 

70.7 

67.0 

130.9 

835. 0 

840.3 

4 , 206 

5 

70.5 

66.9 

252.9 

885.0 

839.6 

4,835 

M 

71.0 

67.4 

326.9 

495.6 

446.6 

5,000 

1 

72.1 

68. 4 

390,7 

380.7 

270.4 

5,000 

g 

74.1 

69.3 

401,4 

401.4 

283.7 

5,000 

9 

77.0 

70.1 

420.6 

420.6 

296.2 

5,000 

10 

SO. 4 

71.4 

494.4 

494.4 

340.6 

5,000 

11 

S4.2 

73  #  3 

672.3 

672.3 

455.0 

5,000 

12 

>t  M 

W  /  9  W 

75.5 

775,6 

0.0 

0.0 

4,220 

13 

90.5 

76.5 

733.0 

0.0 

0,0 

3,484 

1*T 

15 

93.0 

77.0 

/6;i.  j 

805.4 

0.0 

0.0 

1,910 

16 

92.3 

76.7 

891.8 

0.0 

0.0 

1,017 

1? 

90.  B 

75.3 

B89.6 

0,0 

0.0 

127 

IS 

8e.3 

74.2 

660  <  2 

860 . 2 

589.6 

12? 

19 

85.4 

72.9 

714,1 

714.1 

479.9 

127 

20 

82.4 

73.4 

680,5 

630.5 

460.7 

12? 

21 

80.0 

73.0 

641.2 

641.2 

434.0 

127 

22 

77.7 

72.3 

559 . 5 

559.5 

381.4 

12? 

23 

75.9 

70.6 

426.3 

426,3 

300.8 

127 

24 

74.6 

69.4 

230.2 

230.2 

224.7 

127 

r. 

. 

ReefiOd'/ - 

iturday  — 

Ty 

'pical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

storage 

OADB 

DANE 

Load 

Load 

Detand 

Capacity 

Load 

Load 

Desand 

Pa  nzr >  f u 

Hour 

(F) 

(F) 

(Ton) 

(Ton! 

(kii) 

(Ton “Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

1 

74.3 

71.0 

259.7 

885,0 

869. 7 

752 

265.3 

885.0 

869.7 

1,657 

2 

71.9 

6S.8 

219.9 

885.0 

853.3 

1,416 

214.6 

385.0 

853.3 

2,326 

3 

69.9 

67.0 

167.1 

885.0 

840.3 

2,133 

167.3 

885.0 

840.3 

3,042 

4 

6S.3 

65.9 

152,3 

885. 0 

B32.6 

2,864 

152.7 

835.0 

C'^'7  L 
.  C- 

3,772 

5 

67.4 

65.2 

203.0 

835. 

f27.7 

3,544 

203.1 

885.0 

B27.7 

4,451 

6 

67.0 

64.9 

256.9 

885.0 

825.6 

4,169 

256.9 

809.4 

738.5 

5,000 

7 

67.5 

65.3 

274.1 

885.0 

B2S.4 

i,777 

274.2 

274.2 

211.7 

5^000 

g 

6B.S 

65,6 

262.6 

489.7 

432.6 

5. ,  000 

262.6 

'y.i?  A 

?i‘i7  r 

5,000 

9 

70.9 

65.7 

248.7 

248.7 

201 . 5 

5,000 

248.7 

248.7 

201:5 

5,000 

10 

73.6 

66.5 

305.3 

30  5 . 3 

228.9 

5,000 

305.3 

305.3 

228.9 

5,000 

11 

76.7 

67.9 

454.0 

4  54 . 0 

306.2 

5,000 

t  A 

454.0 

306 , 2 

5 . 000 

12 

79.9 

69.9 

581.5 

0.0 

0.0 

4,414 

581.5 

0.0 

0 . 0 

4,^14 

13 

83.0 

71.3 

563 . 2 

0.0 

0.0 

r  SiS 

5  W-  I  w 

563.2 

0.0 

0.0 

3,84S 

Trane  Air  Conditicning  EccnoiicE. 
By:  C.D.S.  MARKETING 


COLD  THERHAL  STORAGE  -  ALTERNATIVE  2 
8  HOUR  IDE  BUILD,  10  HOUR  CHILLER  RUN 


V  600 
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■“  Weekday - 


Saturday 


Typ 

ical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chi  Her 

Chiller 

Storage 

OADB 

DANB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Desand 

C  a  pac 1 1  y 

Hour 

(Fj 

(Fi 

(Ton) 

(Ton) 

(kW) 

(Ton “Hr) 

(Ten) 

(Ton) 

ikW) 

(Tcn-Hr) 

14 

85,7 

72,5 

597.7 

0.0 

0.0 

3,247 

597.7 

0.0 

0.0 

3,247 

15 

B7.8 

73.9 

654.3 

0.0 

0.0 

2,590 

654.3 

0.0 

0.0 

2,590 

16 

89.1 

75.3 

737 . 3 

0.0 

0.0 

1,351 

737.3 

0.0 

0,0 

A  ,  W  k-  ^ 

17 

89,5 

75,5 

810.6 

0.0 

0.0 

1,039 

810.6 

0.0 

0.0 

H039 

IB 

09,2 

76.2 

803.  e 

803.8 

559.0 

1,039 

803.8 

803.8 

559.0 

1,039 

19 

69.3 

76.7 

700.3 

700.3 

490.3 

1,039 

700.3 

700.3 

490.3 

1,039 

20 

86.7 

78.6 

684. 0 

684.0 

438.  S 

1,039 

634. 0 

684.0 

438.  B 

1,039 

21 

84.7 

78.8 

656.5 

656.5 

471.2 

1,039 

656.5 

656.5 

471.2 

1,039 

22 

82.3 

7E.0 

549.7 

549.7 

393.9 

1,039 

549.7 

549.7 

393.9 

1,039 

23 

79.6 

75.4 

419.7 

419.7 

313.1 

1,039 

419.7 

419.7 

313.1 

1,039 

2^ 

76.9 

73.0 

325.9 

325.9 

256.3 

1,039 

325.9 

325.9 

256.3 

1,039 

-  Sunday  - 

nui.uo/ 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

load 

Dee-and 

Capacity 

Load 

Load 

Dsiand 

Capacity 

Hour 

iF] 

(F) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

] 

74.3 

71.0 

265,3 

SS5.0 

369 . 7 

1 , 65? 

265.3 

885.0 

369.7 

1 

*  ,  W  V  • 

2 

71,9 

6S.S 

214.6 

835 , 0 

853.3 

2 , 326 

214.6 

BS5.0 

853.3 

3 

69.9 

67.0 

167.3 

835.0 

S40,3 

3,042 

167.3 

SS5.0 

840.3 

3,042 

4 

6S.3 

65.9 

152.7 

835.0 

832.6 

3,7?2 

152.7 

8S5.0 

332.6 

3,772 

5 

67.4 

65.2 

203.1 

885. 0 

82?.  7 

4.451 

203.1 

885.0 

827.7 

4,451 

6 

67.0 

64.9 

256.9 

309.4 

73S.5 

5,000 

256.9 

809.4 

738.5 

5,000 

7 

67.5 

65.3 

274.2 

274.2 

211.7 

5,000 

274.2 

274.2 

211.7 

5,000 

B 

68. B 

65.6 

262.6 

262.6 

207.3 

5,000 

262.6 

262.6 

207.3 

5,000 

9 

70.9 

65.7 

24S.7 

243.7 

201,5 

5,000 

248.7 

243.7 

201.5 

5,000 

10 

73.6 

66.5 

305.3 

305.3 

228.9 

5,000 

305.3 

305.3 

2'>R  0 

5,000 

11 

76.7 

67,9 

454.0 

454.0 

306.2 

5,000 

454.0 

454.0 

306.2 

5,000 

12 

79.9 

69.9 

5Si.5 

0.0 

0.0 

A  4$A 

.  ,  *7*  ^ 

5Si .  5 

0.0 

0.0 

A  AU 
;  ,  .  ..  . 

13 

83.0 

71.3 

563.2 

0.0 

0.0 

3,848 

563.2 

0.0 

0.0 

3,843 

1^ 

S5.7 

72,5 

597.7 

0.0 

0.0 

3,247 

597.7 

0.0 

0.0 

3,24? 

15 

87.8 

73.9 

654.3 

0.0 

0.0 

2,590 

654.3 

0.0 

0.0 

2,590 

16 

89.1 

737.3 

0.0 

0.0 

1,851 

737.3 

0.0 

0.0 

1,851 

17 

39.5 

75.5 

810.6 

0.0 

0.0 

1,039 

810.6 

0.0 

0.0 

1,039 

18 

89.2 

76.2 

803.8 

603.3 

559.0 

1,039 

303.8 

803.8 

559.0 

1,03? 

19 

83.3 

76.7 

700.3 

700.3 

490.3 

1,039 

700.3 

700.3 

490.3 

1,039 

20 

86.7 

7B.6 

684.0 

684.0 

488.8 

1,039 

634.0 

684.0 

488.8 

1,039 

21 

84.7 

78.8 

656.5 

656.5 

471.2 

1,039 

656.5 

656.5 

471.2 

1,039 

22 

82.3 

78. 0 

549.7 

549.7 

398.9 

1,039 

549.7 

549.? 

398.9 

1,039 

23 

79.6 

75.4 

419.7 

419.7 

'313.1 

1,039 

419.7 

419.7 

3i3f  1 

1,039 

24 

76.9 

73.0 

325.9 

325 , 9 

256.3 

1^039 

325.9 

325.9 

256.3 

1,039 

Trane  Air  Conflitionin-;  Econosics 
By:  C.D.E.  «AF;K£T1NS 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  CODLING  DEMANDS  AND  THERMAL  STORAGE - 

August 


- UE 

-Sign - 

Des 

ign 

Cooling 

Chilisr 

Chiller 

Storage 

OADB 

mm 

Load 

Load 

Deaarid 

Capacity 

Hour 

(FI 

(F! 

(Ton! 

(Ton! 

(kN! 

(Ton-Hr) 

1 

70.5 

64.5 

164.0 

885.0 

822.9 

1,759 

2 

69.5 

63.5 

133.5 

885.0 

81i.2 

2.509 

3 

68.7 

63.0 

120.1 

885.0 

812.9 

3,272 

4 

63.1 

62.4 

107.0 

885.0 

808.9 

4,047 

5 

67.9 

62.6 

162.3 

885.0 

810.2 

4,767 

6 

6S.3 

63.2 

240.7 

477.9 

411.4 

5,000 

7 

69.3 

64.1 

261.5 

261.5 

203.2 

5,000 

8 

71,1 

64.9 

292.4 

292.4 

213.8 

5,000 

9 

73.7 

66.1 

328.4 

328 . 4 

238.5 

5,000 

1(1 

76.8 

67.2 

406.9 

406.9 

279.8 

5,000 

n 

80.2 

68.9 

583.6 

583.6 

381 . 1 

5,000 

12 

83.4 

70.6 

695.3 

0.0 

0.0 

4,301 

13 

85.8 

71.5 

664.3 

0.0 

0.0 

3^633 

14 

?7 

72.5 

698.6 

0,0 

0 . 0 

... ,  ».■* 

15 

88.1 

12  J 

727.3 

0.0 

0.0 

2,202 

16 

87.5 

IIJ 

794.2 

0.0 

0.0 

1,406 

17 

86. 0 

70.6 

806.4 

0.0 

0.0 

598 

16 

33.8 

69.7 

758.7 

758.7 

494.2 

598 

1? 

81.2 

68,5 

598.2 

598.2 

387.3 

598 

20 

7S.6 

68.7 

545.2 

545.2 

353.5 

598 

21 

76.4 

68. B 

454.4 

454.4 

309.5 

598 

22 

74.3 

67.6 

321.1 

321.1 

239.2 

598 

23 

72.7 

66.4 

220.8 

220.8 

191.0 

598 

24 

71.5 

65.3 

194,9 

194,9 

177.7 

598 

- Neekday -  - Saturday - 

Typical  Cooling  Chiller  Chiller  Storage  Cooling  Chiller  Chiller  Storage 

OADB  OANB  Load  Load  Desand  Capacity  Load  Load  Deeand  Capacity 

Hour  (F)  (F)  (Ton)  (Ton!  (kNi  (Ton-Hr)  (Ton)  (Ton)  (kN)  (Ton-Hr) 


i 

70.1 

65.3 

145.1 

885.0 

828. 4 

1 , 33B 

150.5 

895.0 

S2S.4 

2,347 

2 

66.2 

63.5 

116.3 

885.0 

816.2 

2,105 

115.6 

885.0 

816.2 

3,114 

3 

66.6 

62.2 

88.4 

885.0 

807.6 

2,900 

88.6 

885.0 

807.6 

3,903 

£ 

65.4 

61.1 

72.4 

885.0 

800.6 

3,710 

72.3 

835.0 

800.6 

4,718 

5 

64.6 

60.7 

101.2 

885.0 

'793.1 

4,491 

101.5 

3S7.6 

5,000 

6 

64.4 

60.7 

175.6 

687.8 

586.7 

nAA 

'  J 

175.5 

175.5 

160.7 

5,000 

7 

64.9 

61.2 

173.0 

173.0 

160.7 

5,000 

173.0 

173.0 

160.7 

5,000 

8 

66,3 

61.6 

179.S 

*79.9 

164.1 

5  /  OOQ 

ISO.O 

180.0 

li4.2 

AAA 

W  J  V  V 

9 

68. 5 

62.5 

178.1 

PB.i 

165.2 

=  AAA 

u  ,  vvv 

178.0 

178.0 

165,2 

5,000 

10 

71.4 

63.6 

250.5 

250.5 

197.3 

AAA 

250.6 

250.6 

197,4 

5.000 

n 

74.5 

65.1 

396.0 

396 . 0 

26/ .  y 

5 . 000 

396.0 

396.0 

26".  7 

5  <  000 

12 

77.6 

66.8 

504.8 

0.0 

0,0 

4.491 

504 . 8 

0.0 

C.O 

4,491 

V  600 
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Trane  Air  Ccncitioning  Econcsics 
By;  C.D,S.  HARKETINS  * 

COLD  THERMAL  STORAGE  -  ALTERHATIVE  2 
B  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Weekday -  - -  Saturday 


Typi 

.cs! 

Ceding 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OA^iL 

Load 

Lead 

Deftand 

Capacity 

Load 

Lead 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Toni 

((:«■) 

(Ton -Hr) 

(Ton) 

(Ten) 

m 

(Ton -Hr) 

14 

B2.7 

69.7 

525.9 

0.0 

0.0 

3,464 

525.9 

0.0 

0.0 

3,464 

15 

84,2 

70.7 

562.3 

0.0 

0,0 

2,899 

562.3 

0.0 

0.0 

2,S9S 

16 

84.6 

70.5 

612.6 

0.0 

0.0 

2,283 

612.6 

0.0 

0.0 

2,293 

17 

84,4 

70.4 

668.2 

0.0 

0.0 

1,613 

668.2 

0.0 

0,0 

1,613 

IS 

33,6 

70.7 

640.3 

640.3 

422.7 

1,613 

640.3 

640.3 

422.7 

1,613 

19 

82.4 

70.7 

496.1 

496.1 

338.9 

1,613 

496.1 

496.1 

338.9 

1,613 

20 

80.  e 

71.9 

476.3 

476.3 

332.4 

1  »613 

476.3 

476.3 

332.4 

\ 

21 

78.9 

72.4 

433.7 

433.7 

310,8 

1,613 

433.7 

433.7 

310. S 

1,613 

22 

76.8 

71.1 

330.5 

330.5 

253.4 

1,613 

330.5 

330.5 

253.4 

1,613 

23 

74.5 

69.3 

243,3 

243,3 

207.5 

1,613 

243.3 

243.3 

207.5 

1,613 

24 

72,2 

67.2 

198,3 

198.3 

183.1 

1,613 

19B.3 

198.3 

183.1 

1,613 

p _ 1-.. 

_ M 

unosy  - 

Typ: 

ical 

Ceding 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Thi 1 1  Dr 

Storage 

OADB 

OANB 

Load 

Lead 

Desand 

Capacity 

Load 

Load 

Desend 

Capacity 

Hour 

(F) 

(F! 

(Ten) 

(Ten) 

im 

(Ten-Hr) 

(Ten) 

(Ten) 

im 

(Ten-Hr) 

t 

70.1 

65.3 

150.5 

385.0 

R2S.4 

n  Til 

^  ^  I.- 

150.5 

885.0 

S2S.4 

.  W  J  .• 

2 

6S.2 

63.5 

115.6 

885.0 

816. 2 

3,114 

115.6 

SB5.0 

816.2 

3,114 

3 

66.6 

62.2 

88.6 

B85.0 

807.6 

7  OflP 

V  ,  ■  vw 

SB.  6 

885. 0 

807.6 

o.ic 

w  ,  /  s-  v. 

4 

65.4 

61.1 

72.3 

885.0 

800.6 

4,718 

72.3 

885.0 

800.6 

4,718 

5 

64.6 

60.7 

101.5 

387.6 

333.0 

5,000 

101.5 

387 .0 

333.0 

5,000 

6 

64.4 

60.7 

175.5 

175.5 

160.7 

5,000 

175.5 

175.5 

160.7 

5,000 

? 

64.9 

61.2 

173.0 

173.0 

160.7 

5,000 

173.0 

173.0 

160.7 

5,000 

8 

66.3 

61.6 

130.0 

180.0 

164.2 

5,000 

180.0 

ISO.O 

164.2 

5,000 

9 

63. 5 

62.5 

178.0 

178.0 

165.2 

5,000 

178.0 

178.0 

165.2 

5,000 

10 

71.4 

63.6 

250.6 

250.6 

197.4 

5,000 

250.6 

250.6 

197.4 

5,000 

11 

74,5 

65,1 

396.0 

396.0 

267.7 

5,000 

396.0 

396.0 

267.7 

5,000 

12 

77.6 

66.8 

504.8 

0.0 

0.0 

4,491 

504.  S 

0.0 

0.0 

4,491 

13 

80.5 

68,2 

495,1 

0.0 

0.0 

3,993 

495.1 

0.0 

0.0 

3,993 

14 

82.7 

69.7 

525.9 

0.0 

0.0 

3,464 

525.9 

0.0 

0.0 

3,464 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

2.898 

562.3 

0.0 

0.0 

2,898 

16 

84.6 

70.5 

612.6 

0.0 

0.0 

2.283 

612.6 

0.0 

0.0 

2,283 

17 

84.4 

70.4 

668.2 

0.0 

0.0 

1,613 

668.2 

0.0 

0.0 

1,613 

le 

S3 .6 

70.7 

640.3 

640.3 

422.7 

1,613 

640.3 

640.3 

422.7 

1,613 

19 

82.4 

70.7 

496.1 

496.1 

339.9 

1,613 

496.1 

496.1 

338.9 

1,613 

20 

80.8 

71.9 

476.3 

476.3 

332.4 

1,613 

476.3 

476.3 

332.4 

1,613 

21 

78.9 

72,4 

433.7 

433.7 

310.8 

1,613 

433.7 

433,7 

310.8 

1,613 

22 

76,8 

71.1 

330.5 

330 . 5 

253.4 

1,613 

330.5 

330.5 

253.4 

1,613 

23 

74.5 

69.3 

243.3 

243.3 

«'207 , 5 

1.613 

243,3 

243.3 

207.5 

1,613 

24 

72.2 

67.2 

198.3 

198.3 

iS3.i 

1,613 

198.3 

198.3 

183.1 

1,613 

Trans  Air  Conditioning  Econocics 
h))  C.D.E.  MARKETINB  ^ 
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COLD  THERf^AL  STORAGE  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE 

Septeebsr 


Dssign 


Des 

ign 

Cooling 

Chiller 

Chiller 

Storage 

DADB 

DAHB 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k*l) 

(Ton-Hr) 

1 

64.3 

60.7 

76,6 

835.0 

798.1 

2,421 

2 

63 . 3 

59.8 

60.2 

835.0 

792.6 

3,243 

3 

62.4 

59.2 

48.1 

885. 0 

709.0 

4,078 

4 

61,8 

58.5 

35.4 

885.0 

784.9 

4,924 

5 

61.6 

58.3 

42.2 

122.1 

166.6 

5,000 

h 

62.0 

58.7 

54.3 

54.3 

64.5 

5,000 

7 

63.1 

59.8 

142.1 

142.1 

146.6 

5,000 

8 

64.9 

61.3 

146.5 

146.5 

151.0 

5,000 

9 

67.5 

62.3 

207.6 

207.6 

176.6 

5,000 

10 

70.6 

63.4 

305.6 

305.6 

220.8 

5,000 

11 

74.0 

65.1 

491.7 

491.7 

315.7 

5,000 

12 

77.3 

66.6 

611.3 

0.0 

0.0 

i 

13 

79.7 

63,1 

579.7 

0.0 

0.0 

3,801 

14 

SI. 3 

6S.9 

JJv,  w- 

0.0 

0.0 

3,202 

15 

81.9 

69.3 

623.8 

0.0 

0.0 

2,57i. 

Ih 

81.3 

68.8 

684.1 

0.0 

0.0 

1,890 

17 

79.9 

66.2 

694.6 

0.0 

0.0 

1,194 

18 

77.7 

67.0 

653.5 

653,5 

414.3 

19 

75.0 

66.9 

506.2 

506.2 

330.1 

1,194 

20 

72.4 

66.6 

369,5 

369.5 

259.5 

1,194 

21 

70.2 

65.3 

233.2 

283.2 

215.8 

1,194 

on 

68.1 

63.7 

169.8 

169.3 

164.3 

1,194 

23 

66.5 

62.5 

112.6 

112.6 

138.7 

1,194 

24 

65.3 

61.6 

96.5 

96.5 

117.8 

1  toa 

- liStKOay 

( X  u  r  w  0  jf 

Typical 

Cooling 

Chiller 

Chiller 

Stcraos 

Cooling 

Chiller 

Chiller 

storage 

OADB 

OAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(krj 

(Ton-Hr) 

(Ten) 

(Ton) 

im 

(Ton-Hr) 

1 

63.9 

61.5 

68.5 

885.0 

803.2 

2,009 

74. S 

885.0 

803.2 

2 

62.0 

59.7 

47.6 

835.0 

792.0 

2,845 

46.1 

385.0 

792.0 

3,808 

3 

60.4 

58.4 

26.6 

385.0 

784. 3 

3,701 

26.6 

8S5.0 

784.3 

4,663 

4 

59.2 

57.1 

15.4 

885.0 

777.0 

4,563 

15.4 

356.0 

308.3 

5,000 

5 

58.4 

56.3 

19.2 

455.2 

378.5 

5,000 

19.2 

0.0 

0.0 

5,000 

h 

58 . 2 

56.1 

24.3 

24.3 

28.9 

S  AAA 

24.3 

24.3 

23.9 

5,000 

1 

58. 7 

56.7 

8.4 

0.0 

0.0 

5,000 

S.4 

0.0 

0.0 

5,000 

8 

60 , 1 

57,9 

37.6 

57  A 

104.0 

3 ,  AAA 

8^6 

87. 6 

1*04  j  A 

5^000 

9 

62.4 

58.6 

79.2 

7^.2 

94.1 

5^  AAA 

79.2 

79  9 

94.1 

5^000 

10 

65.2 

59 , 6 

142.2 

142.2 

146.6 

*■;  An  A 

142.9 

142/9 

146, S 

AAA 

11 

6B.3 

61.1 

97=,  7 

275.3 

201.8 

5,000 

99=^  7 

275.3 

201.3 

5,000 

12 

71.5 

62.7 

415,0 

0 , 0 

A  A 

415.0 

0,0 

0,0 

4,581 

13 

74,3 

64.6 

413.9 

0.0 

0.0 

4,163 

414.3 

0.0 

0.0 

4,163 

Trane  Ai'  Ccnditioning  Eccnosice 
By;  C.D.5.  KARKETlNb 
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COLD  THERHAL  ST0RA6E  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Weekday -  - -  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Ceding 

Chiller 

Chi  1 1 

Storage 

DADB 

OAHB 

Load 

Load 

Detand 

Capacity 

Load 

Lead 

Desand 

Capcnity 

Hour 

(Ft 

(Ft 

(Ton) 

(Ton) 

im 

!Ton-Hr) 

(Ton) 

(Ten) 

(kK) 

(Ton-Hr) 

76.6 

66.0 

456.6 

0.0 

0,0 

3,703 

456.6 

0.0 

0.0 

3,703 

15 

7S.0 

67.1 

465.5 

0.0 

0.0 

465.5 

0.0 

0.0 

3,235 

16 

7S.5 

67.5 

514.5 

0.0 

0.0 

2,718 

514.5 

0.0 

o.c 

2,71B 

17 

78.2 

67.9 

550.9 

0.0 

0.0 

2,165 

550.9 

0.0 

0.0 

2,165 

IB 

77.5 

6S.0 

499.0 

499.0 

330.4 

2,165 

499.0 

499.0 

330.4 

2  J65 

19 

76.3 

69.3 

379.7 

379.7 

272,7 

2.165 

379.7 

379.7 

272.7 

2,165 

20 

74.7 

70.0 

348.0 

348.0 

259.0 

2,165 

348. 0 

348.0 

259.0 

7  Ut 

21 

72.7 

i9,0 

290,0 

290,0 

228.3 

2,165 

290.0 

290,0 

228.3 

2,165 

JkS. 

70.6 

67.3 

190.0 

190.0 

179.8 

2,165 

190.0 

190.0 

179.8 

2,165 

23 

i8,3 

65.4 

121.4. 

121.4 

149.0 

2,165 

121.4 

121.4 

149.0 

2,165 

24 

66.1 

63.6 

104.2 

104.2 

130.2 

2,165 

104.2 

104.2 

130.2 

2,165 

U__ 

nonday  — — 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Sterege 

OADB 

OAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Deeand 

Capacity 

Hour 

(Ft 

(Ft 

(Ton) 

(Ton) 

im 

/Tr.r.-Ur'j 

^  1  1  f  J  ,• 

(Ton) 

{Ton} 

im 

{Ton-Hr} 

t 

63.9 

61.5 

74,  B 

835.0 

803. 2 

r>  QTT 

74  0 

385.0 

803.2 

7  P77 

5  - ' 

62.0 

59.7 

48.  i 

BB5.0 

792.0 

SAP 

V  ,  I.-  V  i-- 

48.1 

885.0 

792.0 

3,808 

60.4 

58.4 

26.6 

835.0 

784.3 

4 .663 

26 1 6 

SS5.0 

784. 3 

£ 

.  ,  _  u  --- 

4 

50  ^  2 

57.1 

15.4 

356.3 

308.6 

5,000 

15.4 

356.3 

308.6 

5,000 

c 

53,4 

56.3 

19.2 

0,0 

0.0 

5,000 

19 . 2 

0.0 

0 . 0 

5,000 

6 

50. 2 

56.1 

24,3 

24.3 

28.9 

5,000 

24.3 

24.3 

23.9 

5,000 

? 

53.7 

56.7 

8.4 

0.0 

0.0 

5,000 

8.4 

0.0 

0.0 

5,000 

e 

60.1 

57.9 

87.6 

87.6 

104.0 

5,000 

87.6 

87. 6 

104.0 

5,000 

9 

62.4 

58.6 

79.2 

79.2 

94.1 

5,000 

79  ? 

79.2 

94.1 

5,000 

10 

65.2 

59.6 

142.9 

142.9 

146.8 

5,000 

142.9 

142.9 

146.8 

5,000 

11 

63.3 

61.1 

275.3 

275.3 

201.8 

5,000 

275.3 

275.3 

201.8 

5,000 

12 

71.5 

62.7 

415.0 

0.0 

0.0 

4,581 

415.0 

0.0 

0.0 

4,531 

13 

74.3 

64.6 

414.3 

0.0 

0.0 

4,163 

414.3 

0.0 

0.0 

4463 

14 

76.6 

66.0 

456.6 

0.0 

0.0 

3,703 

456.6 

0.0 

0 , 0 

3,703 

15 

78.0 

67.1 

465.5 

0.0 

0.0 

w  <  ^  0  V 

465.5 

0.0 

0.0 

16 

78.5 

67.5 

514.5 

0.0 

0.0 

710 

-•  j 

514.5 

0.0 

0.0 

2,718 

17 

78.2 

67.9 

550.9 

0.0 

0.0 

2,165 

550.9 

0.0 

0.0 

2,165 

IS 

77.5 

68.0 

499.0 

499.0 

330.4 

2,165 

499.0 

499.0 

330.4 

2,165 

19 

76.3 

69.3 

379.7 

379.7 

272.7 

2,165 

379.7 

379.7 

272.7 

2,165 

20 

74.7 

70.0 

348. 0 

34B.0 

259.0 

2,165 

348.0 

348.0 

259.0 

2,165 

21 

69.0 

290.0 

290.0 

^  ^  C  .  w 

2,165 

290.0 

290,0 

228.3 

2,165 

22 

70.6 

67.3 

190.0 

190.0 

179.8 

2,165 

190,0 

190.0 

179.8 

2465 

23 

68.3 

65.4 

121.4 

121.4 

'149.0 

2,165 

121.4 

1  1  M 

149.0 

2,165 

24 

66.1 

63.6 

104.2 

104.2 

130.2 

2,165 

104.2 

104.2 

130.2 

2,165 

ECO  IH-3 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  3 
12  HOUR  ICE  RUILD,  12  HOUR  CHILLER  RUN 

- PUILBINS  COOLING  DEHANDS  AND  THERHAL  STORAGE 


•June 


Design 


Des 

ign 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Desand 

Capacity 

Hour 

(Fi 

iF) 

{Ton! 

{Ton! 

im 

(Ton-Hr) 

1 

68.7 

65.1 

0.0 

0.0 

0.0 

2,400 

2 

67.8 

64,4 

0.0 

0.0 

0.0 

2,400 

67.0 

63.5 

0.0 

0.0 

0.0 

2,400 

66.4 

62.7 

0.0 

0.0 

0.0 

2,400 

5 

66.3 

62.7 

0.0 

0.0 

0,0 

2,400 

6 

66.6 

63.7 

0.0 

0.0 

0.0 

2,400 

7 

67.6 

64.5 

0.0 

0.0 

0.0 

2,400 

6 

69.3 

65.1 

0,0 

0.0 

0.0 

2,400 

9 

71.8 

66.0 

65.3 

65.3 

81.3 

2,400 

10 

74.6 

A  A 

w  ^  »  w 

109.2 

109.2 

100,6 

2,400 

11 

77.8 

69.  B 

241.8 

241.8 

167.4 

2,400 

12 

SO.  9 

71.9 

384.5 

384.5 

255.7 

2,400 

13 

5“  .  ? 

7‘?  c 

*?C7  7 

353.7 

240.4 

,  .  V- 

14 

84.7 

74.4 

435.0 

435.0 

296.8 

2,400 

15 

85.3 

74.6 

542.1 

542.1 

301.2 

2,400 

ih 

84.7 

74.5 

682.4 

625.0 

453.2 

2.343 

17 

83.4 

73.5 

806. 8 

625.0 

449.4 

2,iil 

16 

81.3 

71.5 

763.0 

625.0 

442.0 

2,013 

19 

78. B 

70.1 

652.3 

625.0 

437.0 

1  OQi 

20 

76.3 

70.0 

SQt  1 

591.1 

407.2 

1,991 

21 

74.2 

69.5 

546.4 

4B0.0 

465.5 

1,923 

22 

72.3 

68.7 

422.4 

480.0 

462.3 

1,979 

23 

70.  S 

67.1 

246.2 

480. 0 

456.1 

2  211 

24 

69.7 

65.8 

170.5 

361.5 

321.7 

2,400 

j... 

rsuay 

iturday 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Lead 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton! 

fkii) 

(Ton-Hr! 

(Ton! 

{Ton! 

m 

(Ton-Hr! 

1 

67.6 

65.3 

119.5 

119.5 

102.3 

2,400 

125.9 

125.9 

105.0 

2,400 

2 

66.0 

63.9 

103.2 

103.2 

93.9 

2,400 

102.7 

102.7 

93.7 

2,400 

3 

64.6 

62.4 

79.4 

79.4 

83.1 

2,400 

79.5 

79.5 

E3.i 

2,400 

4 

63.7 

61.3 

65.3 

65.3 

'  76.8 

2,400 

65.3 

65.3 

76.8 

2,400 

c. 

63.0 

60.  S 

69.4 

69.4 

77.3 

2,400 

69.4 

69 . 4 

77.8 

2,400 

6 

62.8 

61,2 

153.4 

153.4 

111.4 

2 , 400 

153.5 

153.5 

111.4 

2,400 

7 

63.4 

61.7 

t  Q  s  s 

130 . 6 

2^400 

195.5 

195.5 

130. i 

2^400 

8 

65.1 

62.7- 

185,3 

185.3 

126,9 

2,400 

185,6 

185.6 

127.1 

2.400 

Q 

67.6 

63.3 

220.8 

220.  B 

145.1 

V  Af)f> 

220.8 

220 .  S 

145.1 

2,400 

10 

70.7 

65.2 

286.9 

286. 9 

182.1 

2,400 

286 » ^ 

162,1 

2 . 400 

11 

74.0 

67.5 

432.3 

432.3 

276.9 

2,400 

432.3 

276.^ 

2,400 

12 

77.1 

69.8 

557.6 

557.6 

378.5 

2,400 

557.6 

SST  A 

773.5 

2,400 

13 

79.6 

71.6 

57' . 

c,7r  •7 

365.9 

2,400 

z,  >;■. 

=  7  c  7 

365.9 

2,400 

Trane  Air  Cenditioning  Eccnoiics. 
By:  C.D.S.  KARKETINB 


COLD  THERMAL  ST0RA6E  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 


Typical 

Cooling 

-  Weekday  — 

Chiller  Chiller 

OADB 

OAHB 

Load 

Load 

Desand 

Hour 

(Fi 

(F) 

(Tor) 

(Ton) 

im 

14 

61.3 

72.7 

534.2 

534.2 

368.5 

15 

81.8 

72.8 

561.4 

561.4 

391.4 

16 

81.6 

73.1 

609.6 

609.6 

434.2 

17 

61. C 

72.7 

678.8 

625.0 

446.4 

le 

80.0 

71.6 

665.1 

625.0 

442.4 

19 

78.7 

71.3 

542.0 

542.0 

370.5 

20 

77.1 

72.0 

496.4 

496.4 

.  C'’ 

21 

75.3 

71.8 

448.1 

480,0 

474.9 

22 

73.3 

71.0 

338.5 

404.0 

383.0 

23 

71.3 

68.9 

227.4 

227.4 

158.2 

24 

69.4 

66. B 

158.1 

158.1 

121.2 

Sunday 


Typical 

Cooling 

Chiller 

Chiller 

OADB 

OANB 

Load 

Load 

Deeand 

Hour 

(F) 

(F! 

(Ton) 

{Tsn) 

(kN) 

1 

67.6 

65.3 

t  ^  0 

105.0 

2 

66 . 0 

63.9 

102.7 

102.7 

93.7 

64 . 6 

62.4 

79 . 5 

79.5 

83.1 

4 

63.7 

61.3 

65.3 

65.3 

76.8 

5 

63.0 

60.8 

69.4 

69.4 

77.8 

6 

62.8 

61.2 

153.5 

153,5 

111.4 

7 

63.4 

61.7 

195.5 

195.5 

130,6 

p 

65.1 

62.3 

185.6 

135.6 

127.1 

9 

67.6 

63.3 

220.8 

220,8 

145.1 

10 

70.7 

65.2 

2B6.9 

286,9 

182,1 

11 

74.0 

67.5 

432.3 

432.3 

276,9 

12 

77.1 

69. S 

557.6 

557.6 

378.5 

13 

79.6 

71,6 

535.2 

535.2 

365.9 

14 

81.3 

72,7 

534.2 

534.2 

368.5 

15 

81.8 

72.8 

561.4 

561.4 

391.4 

16 

81.6 

73.1 

609.6 

609.6 

434.2 

17 

81.0 

72.7 

678.8 

625.0 

446.4 

18 

80.0 

71.6 

665.1 

625.0 

442.4 

19 

78.7 

71.3 

542.0 

542.0 

370.5 

20 

77.1 

72.0 

496.4 

496,4 

336.3 

21 

75.3 

71.8 

448.1 

430.0 

474.9 

22 

73.3 

71.0 

338.5 

404.0 

383 , 0 

23 

71.3 

68.9 

227.4 

227.4 

158.2 

24 

69.4 

66.8 

158.1 

158.1 

121.2 

V  600 
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Saturday 


Storage 

Cooling 

Chiller 

i  1  lor 

Storage 

Capacity 

Load 

Load 

Desand 

Capacity 

(Ton -Hr) 

(Ton) 

(Tcn) 

m 

(Ton-Hr) 

2,400 

534.2 

534.2 

368.5 

2,400 

2,400 

561.4 

561.4 

391.4 

2,400 

2,400 

609.6 

609.6 

434.2 

2,400 

2,346 

673.8 

625.0 

446.4 

2,346 

2,306 

665.1 

625.0 

442.4 

2,306 

2,306 

542.0 

542.0 

370.5 

2,306 

2,306 

496.4 

496.4 

336.3 

2,306 

2,336 

448.1 

480.0 

474.9 

2 , 336 

2,400 

338.5 

404.0 

383.0 

2,400 

2,400 

227.4 

227.4 

158.2 

2,400 

2,400 

158.1 

158.1 

121.2 

2,400 

Monday 


Storage 

Cooling 

Chiller 

Chiller 

Storage 

Capacity 

Load 

Load 

Deeand 

Capacity 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Tcn-Hr) 

2.400 

pc,.  9 

12^9 

105.0 

2,400 

2,400 

102.7 

102.7 

93.7 

2,400 

2.400 

79.5 

79.5 

83.1 

2,400 

2,400 

65,3 

65.3 

76.8 

2,400 

2,400 

69.4 

69.4 

77.3 

2,400 

2,400 

153.5 

153.5 

111.4 

2,400 

2,400 

195.5 

195.5 

130.6 

2,400 

2,400 

185.6 

les.fc 

127.1 

2,400 

2,400 

220.8 

220,8 

145.1 

2,400 

2,400 

286.9 

286.9 

182.1 

2,400 

2,400 

432.3 

432.3 

276.9 

2,400 

2,400 

557.6 

557.6 

373.5 

2,400 

2,400 

535.2 

W  C  <  X 

365.9 

2,400 

2,400 

534.2 

534.2 

366.5 

2,400 

2,400 

561.4 

561.4 

391.4 

2,400 

2,400 

609.6 

609.6 

434.2 

2,400 

2,346 

678.8 

625.0 

446.4 

2,346 

2,306 

665.1 

625.0 

442.4 

2,306 

2,306 

542.0 

542.0 

370.5 

2,306 

2,306 

496,4 

496.4 

336.3 

2,306 

2,336 

448.1 

480.0 

474.9 

2,336 

2,400 

338.5 

404.0 

383.0 

2,400 

2,400 

227.4 

227,4 

158.2 

2,400 

2^400 

158.1 

15S.1 

2,400 

V  600 
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Trane  Air  Conditicning  EconcsicE 
By:  C.D.5.  HARKET1K6 


COLD  THERMAL  STORAGE  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 

BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE 
July 


Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

DADB 

OANB 

Load 

Load 

Deftsnd 

Capacity 

Hour 

(Fl 

(F) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

1 

73.4 

68.8 

258.3 

258.3 

174.2 

2,400 

') 

i. 

72.3 

67.9 

206.7 

206.7 

146.1 

2,400 

3 

71.4 

67.2 

185.6 

185.6 

134.7 

2,400 

4 

70.7 

67.0 

180.9 

180.9 

132.1 

2,400 

5 

70.5 

66.9 

252.9 

252.9 

167,7 

2,400 

6 

71.0 

67.4 

326.9 

326.9 

209.2 

2,400 

7 

72.1 

68. 4 

380.7 

380.7 

244.4 

2,400 

8 

74.1 

69.3 

401.4 

401.4 

260,2 

2,400 

9 

77.0 

70.1 

420.6 

420.6 

275.3 

2,400 

10 

SO.  4 

71,4 

494.4 

494.4 

333.0 

2,400 

11 

84. 2 

73.3 

672.3 

625.0 

446.7 

X  4  w'w'w 

12 

87. S 

75.5 

775.6 

625.0 

457.0 

2,202 

i  V 

90.5 

76.5 

7*^-3 1 0 

625.0 

460.9 

2,094 

14 

92.3 

76.3 

763,3 

625.0 

462.1 

1,956 

15 

93.0 

77.0 

805.4 

625.0 

462.9 

1,775 

16 

92.3 

76.7 

891.8 

625,0 

461.7 

1,509 

17 

90.  E 

75.3 

889.6 

625.0 

456.3 

1,244 

18 

8S.3 

74.2 

860.2 

625.0 

452.1 

1,009 

19 

85.4 

72.9 

714.1 

625.0 

447.2 

920 

20 

82.4 

73.4 

680.5 

625.0 

449.1 

S64 

21 

80.0 

73.0 

641.2 

480.0 

479.9 

702 

22 

77.7 

72.3 

559.5 

480.0 

477.0 

622 

23 

75.9 

70. 6 

426.3 

4B0.0 

470.0 

676 

24 

74.6 

69.4 

280,2 

480.0 

465.1 

875 

u_ 

-  fleeRusy  - 

j-a-wU?  uey 

Typical 

Cooling 

C.hiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Defend 

Capacity 

Hour 

(F) 

(F) 

(Ton! 

(Ton) 

im 

(Ton-Hri 

(Ton! 

(Ton) 

(kKi 

(Ton-Hr) 

1 

74,3 

71.0 

259.7 

480.0 

471.6 

1,094 

265.3 

480.0 

471.6 

1,936 

2 

71.9 

68.8 

219.9 

480.0 

462.7 

1,354 

214.6 

480.0 

462.7 

2,200 

3 

69.9 

67.0 

167.1 

480.0 

455.7 

1,665 

167.3 

369.2 

333.0 

2,400 

4 

68.3 

65.9 

152.3 

480.0 

451.5 

1,992 

152.7 

152.7 

117.5 

2,400 

5 

67.4 

65.2 

203.0 

480 . 0 

iAR  _  ft 

i  ,16/ 

203.1 

203.1 

139.8 

2,400 

6 

67.0 

64.9 

256.9 

391.5 

349,4 

2,400 

256.9 

256.9 

165.9 

2,400 

7 

67.5 

65.3 

274.1 

274.1 

175.6 

2,400 

274.2 

274.2 

175.6 

2,400 

8 

63, S 

65.6 

262.6 

262  f  6 

170 . 2 

?  i/1  A 

^  <  -  x-  V 

9  s*?  -s 

262.6 

170.2 

2^400 

9 

70.9 

65.7 

249,7 

248,7 

163.2 

2,400 

RiR  7 

24S.7 

163.2 

2,400 

10 

73.6 

66.5 

305,3 

305,3 

194,9 

2,400 

305.3 

305,3 

194.9 

2j400 

11 

76.7 

67.9 

454.0 

454,0 

293.2 

2,400 

454.0 

454.0 

293.2 

2,400 

12 

79.9 

69.9 

581.5 

581.5 

39S .  3 

2,400 

5Si.5 

531. 5 

398.3 

2^400 

IrsHE  Air  Conditicning  EconoiiicE 
By:  C,L>.S.  MARKET  I NE 

COLD  THERMAL  STORABE  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 


- Weekday - - - -  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storaqe 

OADB 

OAWB 

Load 

Load 

Dei and 

Capacity 

Load 

Load 

Detand 

Capacity 

Hour 

(F) 

(F) 

i'Ton) 

[Toni 

m 

(Ton-Hr) 

(Ton! 

(Ton) 

(kW) 

(Ton -Hr) 

14 

85.7 

72.5 

597.7 

597.7 

421.5 

2,400 

597.7 

597.7 

421.5 

2,400 

15 

87. 8 

73.9 

654.3 

625.0 

450.9 

2,371 

654.3 

625.0 

450.9 

16 

89.1 

75.3 

737.3 

625.0 

456.3 

2,258 

737 . 3 

625.0 

456.3 

2,258 

17 

89.5 

75.5 

810.6 

625.0 

457.0 

2,073 

810.6 

625.0 

457.0 

2,073 

18 

89.2 

76.2 

803.8 

625.0 

459.7 

1,894 

803.8 

625.0 

459.7 

1,894 

19 

8S.3 

76.7 

700.3 

625.0 

461.7 

1,819 

700,3 

625.0 

461.7 

1,919 

20 

86.7 

78.6 

684.0 

625.0 

469.2 

1,760 

684.0 

625.0 

469.2 

l,7s0 

21 

84.7 

78.8 

656.5 

480.0 

504.8 

1,582 

656.5 

480.0 

504.8 

1,582 

22 

82.3 

7B.0 

549.7 

480.0 

501.3 

1,511 

549.7 

480.0 

501.3 

1.511 

23 

79.6 

75.4 

419.7 

490.0 

490.0 

1,570 

419.7 

480.0 

490.0 

1,570 

24 

76.9 

73.0 

325.9 

480.0 

479.9 

1,723 

325.9 

480.0 

479.9 

1,723 

_  _ _ c 

, 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

0A«B 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desarsd 

Capacity 

Hour 

(F) 

(F) 

(Ten) 

(Ton) 

im 

{Tcn-Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

] 

74.3 

71.0 

265.3 

430.0 

471.6 

1 , 936 

265.3 

4SO.O 

471,6 

1,936 

*> 

71.9 

68. £ 

214.6 

480.0 

462.7 

')  vnA 

214.6 

480.0 

462.7 

2,200 

3 

69.9 

67.0 

167.3 

369.2 

333.0 

2,400 

167.3 

369.2 

333.0 

2,400 

4 

6B.3 

65.9 

152.7 

152.7 

117.5 

2,400 

152.7 

152.7 

117.5 

2,400 

5 

67.4 

65.2 

203.1 

203.1 

139.8 

2,400 

203.1 

203.1 

139.8 

2,400 

6 

67.0 

64.9 

256.9 

256.9 

165.9 

2,400 

256.9 

256.9 

165.9 

2,400 

7 

67.5 

65.3 

274.2 

274.2 

175.6 

2,400 

274.2 

274.2 

175.6 

2,400 

g 

68.8 

65.6 

262.6 

262.6 

170.2 

2,400 

262.6 

262.6 

170.2 

2,400 

9 

70.9 

65.7 

248.7 

248.7 

163.2 

2,400 

248.7 

243.7 

163,2 

2,400 

10 

73.6 

66.5 

305.3 

305.3 

194.9 

2,400 

305.3 

305.3 

194.9 

2,400 

11 

76.7 

67.9 

454.0 

454.0 

293.2 

2,400 

454.0 

454.0 

293.2 

2,400 

12 

79.9 

69.9 

531.5 

581. 5 

398.  B 

2,400 

581.5 

581.5 

398.8 

2,400 

13 

83.0 

71.3 

563.2 

563.2 

38S.0 

2,400 

563,2 

563,2 

38S,0 

2,400 

14 

85.7 

72.5 

597.7 

597.7 

421.5 

2,400 

597.7 

597,7 

421.5 

2,400 

15 

87.8 

73.9 

654.7 

625.0 

450.9 

2,371 

654.3 

625.0 

450.9 

2,371 

16 

89.1 

75.3 

737.3 

625.0 

456.3 

2,258 

737.3 

625.0 

456.3 

2,258 

17 

89.5 

75.5 

810.6 

625.0 

457.0 

2,073 

SiO.6 

625.0 

457.0 

2,073 

18 

89.2 

76.2 

803,8 

625.0 

459.7 

1,894 

603.8 

625.0 

459.7 

1,894 

19 

88.3 

76.7 

700.3 

625.0 

461.7 

1,819 

700.3 

625.0 

461.7 

1,819 

20 

86.7 

78.6 

684.0 

625.0 

469.2 

1,760 

684.0 

625.0 

469.2 

1,760 

21 

84.7 

78.8 

656.5 

480.0 

504.8 

1,582 

656.5 

480.0 

504.  S 

1,582 

.^n 

82. 3 

78.0 

549.7 

480.0 

501.3 

1,511 

549,7 

480.0 

501.3 

1,511 

23 

79.6 

75.4 

419.7 

4S0.0 

490.0 

1,570 

419.7 

480.0 

490.0 

1,570 

24 

76.9 

73.0 

325.9 

480.0 

^79.9 

1 , 723 

3’^5,9 

480.0 

479.9 

1,723 

Trane  Air  Conditioning  Eoonosic' 
By:  C.L'.E.  HAAKETINS  ’ 
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COLD  THERdAL  STORAGE  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DE HANDS  AND  THERHAL  STORAGE - 

August 


Design 


Des 

ign 

Cooling 

Chiller 

Chiller 

Storage 

OABB 

OAHB 

Load 

Load 

Desand 

Capacity 

Nour 

(F) 

(F) 

(Ton) 

(Ton) 

(kH) 

(Ton -Hr  I 

1 

70.5 

64.5 

164.0 

4BO.O 

446.2 

2,037 

'> 

69.5 

63.5 

133.5 

480.0 

442.6 

2,382 

3 

6S,7 

63.0 

120.1 

139,7 

137.7 

2,400 

4 

68. 1 

62.4 

107,0 

107.0 

93.7 

2,400 

67.9 

62.6 

162.3 

162.3 

117.2 

2,400 

6 

68.3 

63.2 

240,7 

240.7 

154.5 

2,400 

7 

69.3 

64.1 

261.5 

261.5 

166,6 

2,400 

8 

71.1 

64.9 

292.4 

292.4 

184.4 

2 , 400 

9 

73.7 

66.1 

328.4 

328.4 

207.1 

2,400 

10 

76.8 

67.2 

406.9 

406.9 

258.9 

2,400 

11 

80.2 

68. 9 

583.6 

583.6 

397.2 

2,400 

12 

83.4 

70.6 

695.3 

625.0 

438.8 

2,330 

13 

85.8 

71.5 

664.3 

625.0 

442.0 

0  r'Qfi 

^  t  V 

14 

87.5 

72.5 

698 . 6 

625,0 

445.  y 

9  717 

15 

88.1 

72.7 

727.3 

625.0 

446.4 

2,114 

16 

87.5 

71.7 

794.2 

625.0 

442.8 

1,945 

17 

86.0 

70.6 

806.4 

625.0 

438.8 

1,764 

18 

83.8 

69.7 

758.7 

625.0 

435.6 

1 4  630 

19 

Si.2 

68. 5 

598.2 

598.2 

408.3 

1,83(1 

20 

78.6 

68.7 

545.2 

545.2 

365.0 

1,630 

21 

76.4 

68.8 

454.4 

400.0 

462.7 

1,654 

22 

74.3 

67.6 

321.1 

480.0 

458.0 

1,812 

23 

72.7 

66.4 

220.8 

480.0 

453.4 

2,070 

24 

71.5 

65.3 

194,9 

480,0 

449.2 

n  TCT 
i,  Ow'..* 

_ q- 

turday 

Typical 

Cooling 

Chi 1 1 er 

Chiller 

Storape 

Ceding 

Chiller 

Chiller 

Storage 

OABB 

OA«B 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

iF! 

(FI 

(Toni 

(Ton) 

m 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

1 

70.1 

65.3 

145.1 

193.8 

178.9 

2,400 

150.5 

150.5 

115.7 

2,400 

2 

68.2 

63.5 

116.3 

116.3 

98.8 

2,400 

115.6 

115.6 

93.5 

2,400 

3 

66.6 

62.2 

88.4 

88.4 

86.3 

2,400 

88.6 

88.6 

86.3 

2,400 

4 

65.4 

61.1 

72.4 

72.4 

79.2 

?  ann 

A,  J  .*  V  V 

72.3 

72.3 

79.2 

2,400 

c, 

64.6 

60.7 

101.2 

101.2 

'  89.5 

2,400 

101.5 

101.5 

89.7 

2,400 

6 

64.4 

60.7 

175.6 

175.6 

120.2 

2,400 

175.5 

175.5 

120.2 

iAA 

-5 

/ 

64.9 

k\ 

173,0 

173.0 

119.8 

7  inn 

^  jr  ;  v 

173.0 

173.0 

119.9 

2,400 

8 

66.3 

61.6 

179.8 

179.8 

123 . 4 

2,400 

180.0 

180,0 

123.5 

2,400 

9 

68.5 

62.5 

178.1 

178.1 

124.0 

2,400 

178.0 

178.0 

124.0 

2,400 

10 

71.4 

63.6 

250,5 

250.5 

160.1 

2,400 

250.6 

250.6 

160.2 

2,400 

11 

74.5 

65.1 

396.0 

396.0 

246,8 

2  ^00 

396.0 

396.0 

246. B 

7  ir.A 

^  :  V- 

12 

77.6 

46.  S 

504.8 

504.  S 

32T  ,7 

2,400 

504.  S 

504.8 

2,400 

13 

80.5 

68.2 

495.1 

495.1 

324.3 

2,400 

495.1 

495.1 

324.3 

2  ^  a  f'ft! 

y  too 

PASE  22 

COLD  THERMAL  STORAGE  ~  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 


Trans  Ai^'  Conditioning  Econosics 
By:  C.D,S.  HARKETINE 


Weekday 


Setiirday 


Typ 

.cal 

Coding 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Deftand 

Capacity 

Hour 

(F) 

(FI 

(Ton) 

(Ton) 

(kH! 

(Ton -Hr) 

(Tors) 

(Ton) 

m 

(I on -Hr) 

14 

82.7 

69.7 

525.9 

525.9 

71*7  t, 

*  v- 

2,400 

9 

IJ 

*^52.5 

2,400 

15 

84.2 

70.7 

562.3 

562.3 

385.3 

2,400 

562.3 

562.3 

385.3 

2,400 

16 

84.6 

70.5 

612.6 

612.6 

427.5 

2,400 

612.6 

612.6 

427.5 

2,400 

17 

84.4 

70.4 

666.2 

625.0 

439.1 

2,357 

666.2 

625.0 

438.1 

2,357 

18 

83.6 

70.7 

640.3 

625.0 

439.1 

2,342 

640.3 

625.0 

439.1 

2,342 

19 

82.4 

70.7 

496.1 

496.1 

332.2 

2,342 

496.1 

496.1 

332.2 

2,342 

20 

80.  e 

71.9 

476.3 

476.3 

320.5 

2,342 

476.3 

476.3 

320.5 

2,342 

21 

78.9 

72.4 

433.7 

480.0 

477.4 

2,386 

433.7 

430.0 

477.4 

2,386 

22 

76.8 

71.1 

330.5 

346.5 

323.6 

2,400 

330.5 

346.5 

323.6 

2,400 

23 

74.5 

69.3 

243.3 

243.3 

167.2 

2,400 

243.3 

243.3 

167.2 

2,400 

24 

72.2 

67.2 

198.3 

19B.3 

140.8 

2,400 

198.3 

19B.3 

140.8 

2,400 

Suffday . . . Monday 


Typical 

Coding 

Chiller 

Chiller 

Storage 

Ceding 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Demand 

Capacity 

Load 

Lead 

Desand 

Capacity 

Hour 

(F) 

(F! 

(Ton) 

(Ton) 

[m 

(Tors-Hr) 

(Ton! 

(Ton) 

im 

(Tors-Hrj 

i 

70.1 

65.3 

150.5 

150.5 

115.7 

2,400 

150.5 

150.5 

115.7 

2,400 

2 

6B.2 

63.5 

115.6 

115.6 

98. 5 

2,400 

45. 6 

115.6 

98. 5 

2,400 

3 

66.6 

62.2 

88.6 

83.6 

S6.3 

2,400 

38.6 

88. 6 

86.3 

2,400 

4 

65.4 

61.1 

72.3 

72.3 

79.2 

2,400 

72.3 

72.3 

79.2 

2 , 400 

5 

64.6 

60.7 

101.5 

101.5 

89.7 

2,400 

101.5 

101.5 

89.7 

2,400 

6 

64.4 

60.7 

175.5 

175.5 

120.2 

2,400 

175.5 

175.5 

l'^0.2 

2,400 

7 

64.9 

61.2 

173.0 

173.0 

119.9 

2,400 

173.0 

173.0 

119.9 

2,400 

8 

66.3 

61.6 

180.0 

180.0 

2,400 

ISO.O 

IBO.O 

1  A  ,  5 

2,400 

9 

68.5 

62.5 

178.0 

178. 0 

124.0 

2,400 

178.0 

178.0 

124.0 

2,400 

10 

71.4 

63.6 

250.6 

250.6 

160.2 

2,400 

250.6 

250.6 

160.2 

2,400 

11 

74.5 

65.1 

396.0 

396.0 

246.3 

2,400 

396.0 

396.0 

246.8 

2,400 

12 

77.6 

66.8 

504.  S 

504.8 

Z21J 

2,400 

504.8 

504.  B 

327.7 

2,400 

13 

80.5 

68.2 

495.1 

495.1 

324.3 

2,400 

495.1 

495.1 

324.3 

2,400 

14 

82.7 

69.7 

525.9 

525.9 

352.5 

2,400 

525.9 

525.9 

352.5 

2,400 

15 

84.2 

70.7 

562,3 

562,3 

385.3 

2,400 

562.3 

562.3 

335.3 

■>  inn 

‘•5 

16 

84.6 

70.5 

612.6 

612.6 

427.5 

2,400 

612.6 

6-12.6 

427.5 

2 , 400 

17 

84.4 

70.4 

668.2 

625.0 

43S.1 

663.2 

625.0 

438.1 

18 

83.6 

70.7 

640.3 

625.0 

439.1 

2,342 

640.3 

625.0 

439.1 

2,342 

19 

82.4 

70.7 

496.1 

496.1 

332 , 2 

2,342 

496.1 

496.1 

332 . 2 

2,342 

20 

80.8 

71.9 

476.3 

476.3 

320.5 

2,342 

476.3 

476.3 

320.5 

2,342 

21 

78.9 

72.4 

433.7 

480.0 

477.4 

2,386 

433.7 

480.0 

477.4 

2,386 

22 

76.8 

71.1 

330.5 

346.5 

323.6 

2,400 

330.5 

346.5 

323.6 

2,400 

23 

74.5 

69.3 

243.3 

243.3 

467.2 

2*400 

243.3 

243.3 

167.2 

2,400 

24 

72.2 

67.2 

198.3 

198.3 

140.8 

2,400 

198,3 

198.3 

140. S 

2,400 

y  tOn 

PA6E  2 


Trane  A]r  Conditioning  Eccncsice 
By:  C.D.S.  MARKETING 

COLD  THERMAL  STORAGE  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE 

Septetber 


Deeign 


Des 

ign 

Cooling 

Chiller 

Chiller 

Stcrace 

OADB 

OAWB 

Load 

Load 

Desand 

Capacity 

Hour 

<F) 

{Fj 

(Ton) 

(Ton) 

(kN) 

(Ton -Hr) 

1 

64.3 

60.7 

76,6 

76.6 

80.3 

2 

A,  .v»v 

2 

63.3 

59.8 

6G.2 

60.2 

71.7 

2,400 

3 

62.4 

59.2 

48.1 

48.1 

57.2 

2,400 

4 

61. S 

56.5 

35.4 

35.4 

42.0 

2,400 

c, 

61.6 

58.3 

42.2 

42.2 

50.2 

2,400 

h 

62.0 

58.7 

54,3 

54.3 

64.5 

2,400 

1 

63.1 

59.8 

142.1 

142.1 

105.1 

2,400 

8 

64.9 

61.3 

146.5 

146.5 

103.6 

2,400 

9 

67.5 

62.3 

207.6 

207.6 

137.2 

2,400 

10 

70.6 

63.4 

305.6 

305.6 

188.8 

2,400 

11 

74.0 

65.1 

491.7 

491.7 

313.3 

2,400 

12 

77,3 

66,6 

611.3 

611.3 

413.2 

2,400 

13 

79.7 

68.1 

579.7 

579.7 

391.3 

if.  A 

^  f  .  V 

14 

Si. 3 

68.9 

596.3 

596.3 

4GS.0 

2,400 

15 

SI. 9 

69.3 

623.8 

623.8 

433.1 

2,400 

Ifc 

81.3 

68. 8 

634.1 

625.0 

432.4 

2,341 

17 

79.9 

iS,2 

694.6 

625.0 

430.3 

2,271 

IS 

77.7 

67.0 

653.5 

625.0 

426.3 

2,243 

19 

75.0 

66.9 

506.2 

506.2 

329.1 

2.243 

20 

72.4 

66.6 

369.5 

369,5 

'7TT  n 

2,243 

21 

70.2 

65.3 

283. 2 

442 . 2 

405.4 

2.400 

22 

68.1 

63.7 

169.8 

169.8 

122.1 

2,400 

23 

66.5 

62.5 

112.6 

112.6 

96.1 

2,400 

24 

65.3 

61.6 

96.5 

96.5 

88.7 

2,400 

'  ■■ 

turoay 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

IF} 

(Ton) 

(Ton) 

(k^ri) 

(Ton-Hr j 

(Ton) 

(Ton) 

iW 

(Ton-Hr) 

1 

63.9 

61.5 

68.5 

68.5 

78.2 

2,400 

74.8 

74.8 

60.5 

2,400 

2 

62.0 

59.7 

47.6 

47.6 

56.7 

2,400 

48.1 

48.1 

57.3 

2,400 

3 

60.4 

58.4 

26.6 

26.6 

31.6 

2,400 

26.6 

26.6 

31.6 

2,400 

4 

59.2 

57.1 

15.4 

15.4 

IS. 3 

2,400 

15.4 

15.4 

IS.  3 

2,400 

5 

58. 4 

56.3 

19.2 

19,2 

,  22.8 

2,400 

19.2 

19.2 

22. S 

7  ArtA 

*  ,  ,  V 

t 

5S.2 

56.1 

24.3 

24.3 

28.9 

2.400 

24.3 

24.3 

28,9 

2,400 

7 

5B.7 

56.7 

B.4 

0.0 

0.0 

2,400 

6.4 

0.0 

0.0 

2,400 

p 

60.1 

57.9 

87.6 

S7.6 

S3. 5 

2.400 

87 .  A 

87.6 

83,5 

2  j  400 

9 

62.4 

58.6 

79.2 

79.2 

80.4 

2.400 

79.2 

79,2 

BO.  4 

2,400 

10 

65.2 

59.6 

142.2 

142.2 

105.1 

2,400 

142,9 

105.4 

2,400 

ii 

68.3 

61.1 

275.3 

275.3 

16S.2 

2.400 

275.3 

275.3 

168. 2 

2,400 

12 

Si  C 

i  1  .  J 

415,0 

415.0 

7  400 

415.0 

415.0 

nc?  q 

2,400 

74.3 

64.6 

413.9 

413.9 

257 , 4 

2,400 

«  » i 

414.3 

257.  c 

7  Ififi 

4.  ,  .  V  V 

Trane  Air  Conditionin'!  Econoeice 
By:  C.D.E.  WARKETINB 


y  600 
PABE  24 


COLD  THERMAL  STORAGE  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 


Neekdey - - - -  Saturday 


Typical 

Coding 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAflB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

ikN) 

(Ton-Hr) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

14 

76.6 

66.0 

456.6 

456.6 

290.2 

2,400 

456.6 

456.6 

290,1 

2,400 

15 

78.0 

67.1 

465.5 

465.5 

299.4 

2,400 

465.5 

465.5 

299.4 

2,400 

16 

78.5 

67.5 

514.5 

514.5 

337.2 

2,400 

514.5 

514.5 

337.2 

2,400 

17 

78.2 

67,9 

550.9 

550.9 

3i7.1 

2,400 

550.9 

550.9 

367.1 

2,400 

18 

77,5 

68.0 

499.0 

499.0 

326.7 

2,400 

499,0 

499.0 

326.7 

2,400 

19 

76.3 

69.3 

379.7 

379.7 

245.9 

2,400 

379.7 

379.7 

245.9 

2,400 

20 

74.7 

70.0 

348.0 

348.0 

228.0 

2,400 

348.0 

348.0 

22S.e 

2,400 

21 

72.7 

69.0 

290.0 

290.0 

192.0 

2,400 

290.0 

290.0 

192.0 

2,400 

O') 

70. 6 

67.3 

190.0 

190.0 

136.9 

2,400 

190.0 

190.0 

136.9 

2,400 

23 

68.3 

65.4 

121.4 

121.4 

103.2 

2,400 

121.4 

121.4 

103.2 

2,400 

24 

66.1 

63^  •  6 

104.2 

104.2 

93.9 

2,400 

104.2 

104.2 

93.9 

2,400 

iiuiiua  j 

Ty 

pical 

Coding 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

0A«E 

Load 

Load 

Detand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(Fj 

(F) 

(Ton) 

(Ton) 

m 

(Ton -Hr) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

1 

63.9 

61.5 

74.3 

74.3 

80.5 

2,400 

74. S 

74.8 

SO. 5 

2,400 

0 

62.0 

59.7 

43. 1 

48.1 

2,400 

4S.1 

4S.i 

1 7  7 

2,400 

3 

60.4 

53.4 

26.6 

26.6 

31.6 

2,400 

26.6 

26.6 

31.6 

2,400 

4 

59.2 

57.1 

15.4 

15.4 

18.3 

2,400 

15.4 

15.4 

18.3 

2,400 

5 

58. 4 

56.3 

19.2 

19.2 

22.8 

2,400 

19.2 

19.2 

22.8 

2,400 

6 

58.2 

56.1 

24.3 

24.3 

28.9 

2,400 

24.3 

24.3 

28.9 

2,400 

7 

53. 7 

56.7 

8.4 

0.0 

0.0 

2,400 

8.4 

0.0 

0.0 

2,400 

e 

60.1 

57.9 

87.6 

87.6 

B3.5 

2,400 

87.6 

87.6 

83.5 

2,400 

9 

62.4 

58.6 

79.2 

79.2 

90,4 

2,400 

79.2 

79.2 

SO,  4 

2,400 

10 

65.2 

59.6 

142.9 

142.9 

105. 4 

2,400 

142.9 

142.9 

105.4 

2,400 

11 

68.3 

61.1 

275.3 

275.3 

168.2 

2,400 

275.3 

275.3 

168.2 

2’400 

12 

71.5 

62.7 

415.0 

415.0 

253.8 

2,400 

415.0 

415.0 

253,8 

2,400 

13 

74.3 

64.6 

414.3 

414.3 

257.6 

2,400 

414.3 

414.3 

257.6 

2,400 

14 

76.6 

66.0 

456.6 

456.6 

290.1 

2,400 

456.6 

456.6 

290.1 

2,400 

15 

78.0 

67.1 

465.5 

465.5 

299.4 

2,400 

465.5 

465.5 

299.4 

2,400 

16 

78. 5 

67.5 

514.5 

514.5 

.X 

2,400 

514.5 

514.5 

337 . 2 

2,400 

17 

78.2 

67.9 

550.9 

550.9 

367.1 

2,400 

550.9 

550.9 

367.1 

2,400 

18 

77.5 

68.0 

499.0 

499.0 

326.7 

2,400 

499.0 

499.0 

326.7 

2,400 

19 

76.3 

69.3 

379.7 

379.7 

245.9 

2,400 

379.7 

379.7 

245.9 

2,400 

20 

74.7 

70.0 

348.0 

348.0 

228.0 

2,400 

348.0 

348.0 

228.0 

2,400 

21 

72.7 

69.0 

290.0 

290.0 

192.0 

2,400 

290.0 

290.0 

192.0 

2,400 

22 

70.6 

67.3 

190.0 

190,0 

136.9 

2,400 

190.0 

190.0 

136.9 

2,400 

23 

68.3 

65.4 

121,4 

121.4 

^103.2 

2,400 

121.4 

121.4 

103.2 

2,400 

24 

66.1 

63.6 

104.2 

104.2 

93.9 

2,400 

104.2 

104.2 

93.9 

2,400 

Trane  Air  Conditioning  EconoticB 
By:  C.B.S.  «ARKETIN6 
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COLD  THERMAL  STORAGE  >  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 

— •  BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE 

June 


Desion 


Design 

Cooling 

Chiller 

Chiller 

DADB 

DANE 

Load 

Load 

Deiand 

■lour 

(F) 

(F) 

(Ton) 

(Ton! 

(kW) 

1 

6B.7 

65.1 

0.0 

0.0 

0.0 

2 

67.8 

64.4 

0.0 

0.0 

0.0 

3 

67.0 

63.5 

0.0 

0.0 

0.0 

4 

66.4 

62.7 

0.0 

0.0 

0.0 

66.3 

62.7 

0.0 

0.0 

0.0 

6 

66.6 

63.7 

0.0 

0.0 

0.0 

7 

67.6 

64.5 

0.0 

0.0 

0.0 

8 

69.3 

iS.l 

0.0 

G.O 

0.0 

Q 

71.8 

66.0 

65.3 

65.3 

84.3 

10 

74.6 

67.6 

109,2 

109.2 

132.0 

11 

77. B 

69.8 

241.8 

241.8 

193.4 

12 

80.9 

71,9 

384.5 

0.0 

0.0 

13 

63.2 

73 . 5 

353.7 

0.0 

0.0 

14 

84,7 

74.4 

435.0 

0.0 

0.0 

15 

B5.3 

74.6 

542.1 

0.0 

0.0 

16 

64.7 

74.5 

682.4 

0.0 

0.0 

17 

83.4 

806.8 

0.0 

0.0 

18 

81.3 

71,5 

768.0 

768.0 

517.3 

19 

7S.B 

70.1 

652.3 

652.3 

426.8 

20 

76.3 

70.0 

591.1 

591.1 

385.2 

21 

74.2 

69.5 

546.4 

750.0 

727.5 

22 

72.3 

68.7 

422.4 

750.0 

722.5 

23 

70.8 

67.1 

246.2 

750.0 

712.7 

24 

69.7 

65.8 

170.5 

750.0 

Up. 

704.9 

RrCKwC; 

Typ 

ical 

Cooling 

Chiller 

Chiller 

DADB 

OANB 

Load 

Load 

Desand 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k«) 

1 

67.6 

65.3 

119.5 

750.0 

702.0 

l 

66.0 

63.9 

103.2 

750.0 

693.9 

3 

64.6 

62.4 

79,4 

427.7 

364.3 

4 

63.7 

61,3 

65.3 

65.3 

,  79.6 

5 

63,0 

60.8 

69.4 

69.4 

'  84.(1 

6 

62.8 

61.2 

153.4 

153.4 

13S.S 

/ 

63.4 

61,7 

195.5 

195.5 

156.5 

e 

65.1 

62.3 

185. 3 

185.3 

153.5 

9 

67.6 

63.3 

220.  B 

220.  S 

170.3 

10 

70.7 

65.2 

236.9 

286.9 

204.0 

74.0 

67.5 

432.3 

432.3 

v 

12 

77.1 

69.8 

557.6 

0.0 

0.0 

13 

79.  t 

71.6 

0.0 

0.0 

Storage 
Capacity 
(Ten -Hr) 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

5,000 

4,254 
3^Si6 
3,27i 
2,5S6 

1,777 

1,777 

1,777 

1,777 
1,979 
2,305 
2,807 
3 , 3S4 


Saturday 


storage 

CDOiing 

Chiller 

Th' ^ 1 cr 

storage 

Capacity 

Load 

Load 

Desand 

Capacity 

(Ton-Hr) 

(Ton) 

(Ton) 

{kN} 

(Ton-Hr) 

4,012 

125,9 

750.0 

702.0 

3,949 

4,655 

102,7 

750.0 

693.9 

4,593 

5,000 

79.5 

490.3 

417.9 

5,000 

5,000 

65.3 

65.3 

79.6 

5,000 

5,000 

69.4 

69.4 

84.0 

5,000 

5,000 

153.5 

153.5 

138,8 

5,000 

5  000 

195.5 

^95.5 

156.5 

5,000 

5,000 

135.6 

185. 6 

153.6 

5,000 

5,000 

0 

220,8 

170.3 

5.000 

5,000 

2Si .  9 

286.9 

204.0 

5,000 

5,000 

.4  “»  n  •? 

283.5 

5,000 

4,433 

557.6 

0.0 

0.0 

4,438 

3,900 

535.2 

0.0 

0.0 

3,900 

Trane  Air  Conditicning  Econosics 
By;  C.D.S.  HARKETINE 


V  tOO 
FASE  26 


COLD  THERMAL  STORAGE  •*  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 


Weekday -  - -  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Stnrag? 

OADB 

OAHB 

Load 

Load 

Deaand 

Cspecity 

Load- 

Load 

Desand 

Capacity 

Hour 

iFt 

if) 

iloni 

(Ton) 

(kW) 

(Ton -Hr) 

(Ton) 

(Ton) 

(kH) 

(Ton -Hr) 

14 

SI. 3 

72.7 

534.2 

0.0 

0.0 

3,362 

534.2 

0.0 

0.0 

3 , 362 

15 

SL8 

72. S 

561.4 

0.0 

0.0 

2,798 

561.4 

0.0 

0.0 

2,793 

16 

Bi.6 

73.1 

609.6 

0.0 

0.0 

2,186 

609.6 

0.0 

0.0 

2,136 

17 

81.0 

72.7 

67S.B 

0.0 

0.0 

1,506 

67E.S 

0.0 

0.0 

1,506 

18 

so.o 

71.6 

665.1 

665.1 

441.7 

1,506 

665.1 

665.1 

441.7 

1,506 

19 

78.7 

71.3 

542.0 

542.0 

3s0.2 

1 , 506 

542.0 

542.0 

360.2 

i ,  506 

20 

77.1 

72.0 

496.4 

496.4 

335.3 

1,506 

496.4 

496.4 

335.3 

l,5(it 

21 

75.3 

71.8 

448.1 

750.0 

742.1 

1,807 

44B.1 

750.0 

742.1 

1,80? 

no 

73.3 

71.0 

33B.5 

750.0 

737.0 

2,217 

33B.5 

750.0 

737.0 

2,217 

23 

71.3 

68.9 

227.4 

750.0 

723.8 

2,738 

227.4 

750.0 

723.8 

2,738 

24 

69.4 

66.8 

158.1 

750.0 

710.9 

3,327 

15B.1 

750.0 

— ...»  ^ 

710.9 

3,327 

sudue V 

nnda ; 

Typ 

ical 

Cooling 

Chil ier 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Tor.) 

(Ton) 

(m 

(Ton -Hr) 

{Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

1 

67 . 6 

125.9 

750.0 

702.0 

3.F49 

*  5 

750.0 

702.0 

3,949 

2 

66 1 0 

63.9 

102.7 

75^^  A 

693.9 

4,593 

102.7 

750.0 

693.9 

i 

3 

64.6 

62.4 

79,5 

490.3 

417.9 

5,000 

79,5 

490.3 

417.9 

5,000 

4 

63.7 

61.3 

65.3 

65.3 

79.6 

5,000 

65.3 

65.3 

79.6 

5,000 

5 

63.0 

60.8 

69.4 

69.4 

84.0 

5,000 

69.4 

69.4 

34.0 

5,000 

6 

62. S 

61.2 

153.5 

153.5 

138.8 

5,000 

153.5 

^  53.5 

Q 

5,000 

7 

63.4 

61.7 

195.5 

195.5 

156.5 

5,000 

195.5 

195.5 

156.5 

5,000 

e 

65.1 

62.3 

185.6 

185.6 

153.6 

5,000 

185.6 

185.6 

153,6 

5,000 

9 

67.6 

63.3 

220.8 

220.8 

170.3 

5,000 

220.8 

220.8 

170.3 

5,000 

10 

7G.7 

65.2 

286. 9 

236.9 

204.0 

5,000 

286.9 

266.9 

204.0 

5,000 

11 

74.0 

67.5 

432.3 

432.3 

283.5 

5,000 

432.3 

432.3 

5,000 

12 

77.1 

69.8 

557.6 

0.0 

0.0 

4,438 

557.6 

0,0 

0.0 

4,438 

13 

79.6 

71.6 

535.2 

0.0 

0.0 

3,900 

535.2 

0.0 

0.0 

3,900 

14 

Bi.3 

72.7 

534.2 

0.0 

0.0 

3,362 

0.0 

0.0 

3,362 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

7Q5 

^  5  /  /  w 

561.4 

0 . 0 

0.0 

2,798 

16 

81.6 

73.1 

609.6 

0.0 

0.0 

2,186 

609.6 

0.0 

0.0 

2,136 

17 

81.0 

72.7 

678.8 

0.0 

0.0 

1,506 

673. 8 

0.0 

0 , 0 

1,506 

le 

BO.O 

71.6 

665.1 

665.1 

441.7 

1,506 

665.1 

665.1 

441.7 

1,506 

19 

78.7 

71.3 

542.0 

542,0 

360.2 

1,506 

542.0 

542.0 

360.2 

1,506 

20 

77,1 

72.0 

496.4 

496.4 

335 . 3 

1,506 

496.4 

496.4 

335.3 

1,506 

21 

75.3 

71.8 

448. i 

750.0 

742-1 

1,807 

448.1 

750.0 

742.1 

1,807 

22 

73.3 

71.0 

338. 5 

750.0 

737.0 

2,217 

338.5 

750.0 

737.0 

2,217 

23 

71.3 

63.9 

227.4 

750.0 

J23.S 

2,738 

750.0 

723.8 

A 

.«  >  H 

^  ^  Whr 

24 

69.4 

66. S 

158.1 

750.0 

710.9 

3,327 

156.1 

750.0 

710.9 

3,327 

Trane  Air  ConditioninQ  Eccnneice 
By:  C.D.E.  HARKETlNS 


COLD  THERfiAL  STORAGE  -  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  t  HOUR  CHILLER  RUN 


—  BUILDING  COOLING  DENANDS  AND  THERNAL  STORAGE - 


July 


- De 

Elon  — 

Des 

ign 

Coding 

Chiller 

Chiller 

storage 

OAOB 

OAHB 

Load 

Load 

Desend 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

i 

73.4 

68. E 

258.3 

750.0 

723.1 

jjSlt- 

2 

72.3 

67.9 

206.7 

750.0 

717.6 

4,356 

3 

71.4 

67.2 

185.6 

750.0 

713.3 

4,917 

4 

70.7 

67.0 

180.9 

267.4 

259.4 

5,000 

5 

70.5 

66.9 

252.9 

252.9 

192.2 

5,000 

b 

71.0 

67.4 

326.9 

326.9 

228,7 

5,000 

1 

72.1 

68.4 

380.7 

380.7 

258.8 

5,000 

8 

74.1 

69.3 

401.4 

401.4 

272.5 

5,000 

9 

77.0 

70.1 

i*?A  A 

420.6 

285.5 

5,000 

10 

80.4 

71.4 

494.4 

494.4 

332.0 

5,000 

ii 

84.2 

73.3 

672.3 

672.3 

453.8 

5,000 

12 

87.8 

75.5 

775.6 

0.0 

0.0 

4,220 

13 

90.5 

76.5 

733.0 

0.0 

0.0 

3,484 

14 

76.8 

7  63 . 3 

0 , 0 

0.0 

2,718 

15 

93.0 

77.0 

805.4 

0.0 

0.0 

1,910 

16 

92.3 

76,7 

891.8 

0.0 

0.0 

1,017 

17 

90.8 

75.3 

889.6 

0.0 

0.0 

127 

18 

88. 3 

74.2 

860.2 

860. 2 

604.9 

127 

1? 

85.4 

72.9 

714.1 

714.1 

432.7 

127 

20 

82.4 

73.4 

680.5 

680.5 

460.1 

127 

21 

80.0 

73.0 

641,2 

750,0 

749.9 

235 

22 

77.7 

72.3 

559.5 

750.0 

745.3 

426 

23 

75.9 

70.6 

426.3 

750.0 

734.4 

749 

24 

74.6 

69.4 

280.2 

750.0  726.9 

1,218 

^a 

k  Si  i  J  w  J 

Typical 

Ceding 

Chiller 

Chiller 

Stcraee 

Ceding 

Chiller 

Chi  1 1 e^ 

Stcrace 

DADE 

OAHB 

Load 

Lead 

Desand 

Capacity 

Load 

Lead 

Desand 

Capacity 

Hour 

(F! 

IF) 

(Ton) 

{Ton) 

[m 

(Ton-Hr! 

(Ton) 

(Ton) 

m) 

(Ton-Hr) 

1 

74.3 

71.0 

259 .  ? 

750.0 

737.0 

1,708 

265.3 

750.0 

737.0 

2,566 

2 

71.9 

68.8 

219.9 

750.0 

723.1 

2,236 

214.6 

750.0 

723.1 

3,099 

3 

69.9 

67.0 

167.1 

750.0 

712.1 

2,817 

167.3 

750.0 

712.1 

3,679 

4 

68.3 

65.9 

152.3 

750.0 

705.5 

3,413 

152.7 

750,0 

705.5 

4,274 

5 

67.4 

65.2 

203.0 

750.0 

J01.4 

w  ,  /  w  ^ 

203.1 

750.0 

701.4 

4,817 

6 

67.0 

64.9 

ncA  0 

750.0 

699.7 

4,447 

256.9 

443.6 

3S7.1 

w*  9  V 

7 

67.5 

65 . 3 

274.1 

750.0 

702.0 

4,919 

274.2 

274.2 

198,4 

5,000 

8 

68 . 8 

65‘,6 

262.6 

347.1 

313. 

5,000 

262.6 

193.7 

5.000 

9 

70.9 

65.7 

248.7 

248.7 

187. 6 

!-■  5 

248.7 

248.7 

187.6 

E  AAA 

,  X-  V  V 

10 

73.6 

66.5 

305.3 

305.3 

215.9 

5,000 

305 . 3 

305.3 

215.9 

E  AAA 

X"  ,  V-  X-  X- 

n 

It.l 

67.9 

454.0 

454.0 

296.6 

5,000 

454.0 

454.0 

29i.6 

5,000 

12 

79.9 

69 . 9 

581. 5 

0,0 

0 . 0 

4 , 4  M 

531.5 

0.0 

0 , 0 

4 ,4i4 

13 

83.0 

71.3 

563,2 

0.0 

0.0 

3,848 

563.2 

0,0 

0.0 

3, GAS 

Trans  Air  ConditioniriQ  E‘onc*:cs 
By:  C.D.S,  (tARKETlNB 

COLD  THERHAL  STORAGE  -  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 


Neekday . .  Saturday  - 


Typical 

Cooiinq 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAi^B 

Load 

Load 

Deaand 

Capacity 

Load 

Load 

Defaand 

Capacity 

Hour 

■!P) 

1 

(F) 

(Ten) 

(Ton) 

(kK) 

(Tor; -Hr ) 

(Ton) 

i'en) 

im 

(Ton-Hr j 

14 

B5.7 

72.5 

597.7 

0.0 

0.0 

7  ’>£7 

V  J  *  » 

597 . 7 

0.0 

0.0 

S,247 

15 

87. S 

73.9 

654.3 

0.0 

0.0 

2,590 

654,3 

0.0 

0.0 

2,590 

16 

B9.i 

75.3 

737.3 

0.0 

0.0 

1,851 

737.3 

0.0 

0.0 

1,851 

17 

89.5 

75.5 

810.6 

0.0 

0.0 

1,039 

810.6 

0.0 

0.0 

1,039 

18 

B9.2 

76.2 

803.  B 

803.8 

568. 1 

1,039 

803.  S 

803.8 

56B.1 

1,039 

19 

8S.3 

76.7 

700 . 0 

700,3 

489.9 

1,039 

700.3 

700.3 

499.9 

1,039 

20 

86.7 

78.6 

684.0 

684.0 

487.6 

1,039 

684.0 

684.0 

487. 6 

“  J  ■ 

21 

84.7 

78.8 

656,5 

750.0 

733.9 

1,131 

656.5 

750.0 

738.8 

1,131 

22 

82.3 

78.0 

549.7 

750.0 

783,3 

1,331 

549.7 

750.0 

783.3 

1,331 

23 

79.6 

75.4 

419.7 

750.0 

765.7 

1,660 

419,7 

750.0 

765.7 

1,660 

24 

7i.9 

73.0 

325.9 

750.0 

749.9 

2,083 

325.9 

750.0 

_  _ Mi 

749.9 

2,083 

nuuwo  j 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OAOB 

OAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F! 

(F! 

(Ton) 

(Ton) 

(kHj 

(Ton-Hr) 

(Ton] 

(Ton) 

(kN) 

(Ton-Hr) 

t 

74.3 

71,0 

265,3 

750.0 

7  V  f .  y 

^  LL 

*  4  -'  w  - 

265.3 

750.0 

737,0 

2,5ii 

2 

71.9 

6S.8 

214,6 

"^50,0 

723.1 

3  <099 

214.6 

750.0 

723.1 

?  I'lOO 

W  ,  V  .•  / 

3 

69.9 

67.0 

167.3 

750.0 

712.1 

3,679 

167.3 

750.0 

/  t  1 

3,679 

I 

68,3 

65.9 

152.7 

750.0 

705,5 

4,274 

152,7 

750.0 

705.5 

4,274 

5 

67,4 

65,2 

203.1 

750.0 

701.4 

4,817 

203,1 

750.0 

701.4 

4,817 

M 

67.0 

64.9 

256.9 

443,6 

387.1 

5,000 

256.9 

443.6 

387. 1 

5,000 

7 

67.5 

65.3 

274.2 

274.2 

198.4 

5,000 

274.2 

274.2 

198. 4 

5,000 

B 

68. 8 

65.6 

262 , 6 

262.6 

193.7 

5,000 

262.6 

262.6 

193.7 

5^000 

9 

70.9 

65.7 

248.7 

248.7 

187,6 

5,000 

248.7 

248.7 

187.6 

5  <000 

10 

73.6 

66.5 

305.3 

305.3 

215.9 

5,000 

305.3 

305.3 

215.9 

5,000 

11 

76.7 

67.9 

454.0 

454.0 

296.6 

5,000 

454.0 

454.0 

296.6 

5,000 

12 

79.9 

69.9 

581 , 5 

0.0 

0,0 

4,414 

581.5 

0.0 

0.0 

4,414 

13 

83.0 

71.3 

563.2 

0.0 

0.0 

3,S4S 

563.2 

0.0 

0,0 

3  <848 

14 

85.7 

72.5 

597.7 

0.0 

0.0 

3,247 

597.7 

0.0 

0.0 

3,247 

15 

87.8 

73,9 

654.3 

0.0 

0.0 

2  <590 

654.3 

0 . 0 

0.0 

2,590 

16 

89.1 

75.3 

737.3 

0.0 

0.0 

1,851 

737.3 

0.0 

0.0 

1,051 

17 

89.5 

75.5 

810.6 

0.0 

0.0 

1,039 

310.6 

0.0 

0.0 

1,039 

18 

89.2 

76.2 

803.8 

803 . 8 

568.1 

1,039 

803.  S 

803.8 

563.1 

1,039 

19 

88. 3 

76.7 

700.3 

700.3 

439.9 

1,039 

700.3 

700.3 

489.9 

1,039 

20 

86.7 

78.6 

684.0 

684.0 

437.6 

1,039 

684.0 

684.0 

487.6 

1,039 

21 

34.7 

78. S 

656.5 

750.0 

788.8 

1,131 

656.5 

750.0 

788.  B 

1,131 

22 

82.3 

78.0 

549.7 

750.0 

7B3.3 

^  ,  v'v  A 

549.7 

750.0 

783.3 

1,331 

J.V 

79.6 

75.4 

419.7 

750.0 

^765.7 

1,660 

419.7 

750.0 

765.7 

1,660 

24 

76,9 

73.0 

325 . 9 

7  50 . 0 

'749,9 

V  nS7 

..  ,  VI.  V. 

725,0 

750.0 

749.9 

2,083 

Trane  Air  Ccnditicninc  Eccnoffic? 
By:  C.D.E.  HARKETIKS 


V  600 

f^ABE  29 

COLD  THERMAL  ST0RA6E  -  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 

- BUILDING:  CODLING  D  E  H  A  N  D  S  AND  T  H  E  R  H  A  L  STORAGE  — 

August 


esiOfi - 

Be  5 

ign 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desarfd 

Capacity 

Hour 

(F) 

(F) 

(Ton! 

(Ton) 

ikti) 

{Ton-Hrj 

1 

70.5 

64.5 

164.0 

750.0 

697.4 

2,667 

n 

69.5 

63.5 

133.5 

750.0 

691.6 

3,281 

3 

68.7 

63.0 

120.1 

750.0 

688.8 

3,909 

4 

6B.1 

62.4 

107.0 

750.0 

685.5 

4,549 

5 

67.9 

62.6 

162.3 

617.4 

540.5 

5,000 

6 

68.3 

63.2 

240.7 

240.7 

178.7 

5,000 

7 

69.3 

64.1 

261.5 

261.5 

1B9.8 

5,000 

e 

71.1 

64.9 

292.4 

292.4 

205.  S 

5,000 

9 

73.7 

66.1 

328.4 

326.4 

226.1 

5,000 

10 

76.8 

67.2 

406.9 

406.9 

269.0 

5,000 

11 

80.2 

68.9 

563.6 

5B3.6 

376.4 

5,000 

12 

S3. 4 

70.6 

695.3 

0.0 

A  {] 

4,301 

13 

85.  S 

71.5 

664.3 

0.0 

0.0 

3 , 633 

14 

S7.5 

72.5 

69S.6 

0.0 

0.0 

2,931 

15 

88.1 

72,7 

727.3 

0.0 

0.0 

2 . 202 

16 

87. 5 

71,7 

794.2 

0.0 

0.0 

1,406 

17 

86.0 

70.6 

806.4 

0.0 

0.0 

598 

IS 

83.8 

69.7 

758.7 

758.7 

502.2 

59S 

19 

81.2 

68.5 

598.2 

598. 2 

384.5 

59S 

20 

73.6 

68.7 

545.2 

545.2 

351.9 

598 

21 

76.4 

68.8 

454,4 

750.0 

723.1 

893 

no 

74.3 

67.6 

321.1 

750.0 

715,8 

1 5  322 

23 

72.7 

66.4 

220.8 

750.0 

708.5 

1,850 

24 

71.5 

65.3 

194.9 

750,0 

702.0 

2,403 

Weekday -  - Saturday 


Typ 

ical 

Cooling 

Chiller 

Chiller 

storage 

Cooling 

Chiller 

Chiller 

storage 

OADB 

OANB 

Load 

Load 

Desa nd 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

IF) 

(F) 

{Ton} 

(Ton) 

im 

(Ton-Hr) 

{Ton} 

(Ten) 

im 

{Ton-Hr} 

1 

70.1 

65.3 

145.1 

750.0 

702.0 

3,006 

150.5 

750.0 

702.0 

3,997 

2 

68.2 

63.5 

116.3 

750.0 

691.6 

3,638 

115.6 

750.0 

691 ,6 

4,629 

3 

66.6 

62.2 

88.4 

750.0 

684.4 

4,296 

88.6 

463.6 

393.7 

5,000 

4 

65.4 

61.1 

72.4 

750.0 

678.5 

4,970 

72.3 

72.3 

87.9 

5,000 

5 

64.6 

60.7 

101,2 

134,7 

159.8 

5,000 

101.5 

101.5 

118.8 

5,000 

6 

64.4 

60.7 

175.6 

175.6 

446.6 

5,000 

175,5 

175.5 

146.6 

5,000 

7 

64.9 

61.2 

173.0 

173.0 

146.5 

5,000 

173.0 

173.0 

14t.5 

5^000 

3 

66.3 

6i  .6 

179.8 

179.3 

149.9 

5  <  000 

180,0 

180.0 

150.0 

5,000 

9 

68.5 

62.5 

178.1 

178.1 

150.9 

5^000 

178x0 

178,0 

150,9 

5’ 000 

10 

71.4 

63.6 

250.5 

250.5 

183.9 

5,000 

250.6 

250,6 

133x9 

5,000 

74.5 

65.1 

396.0 

396.0 

256.9 

5,000 

396.0 

396.0 

2  5  c.  9 

5,000 

12 

77.6 

66.8 

504.3 

0.0 

}\  M 

4^491 

504.8 

0,0 

0.0 

L  iQi 

13 

80 . 5 

68.2 

495.1 

0.0 

0.0 

3  993 

495.1 

0.0 

0.0 

V  ,  •  t  V 

Tran?  Ai?*  Conditioning  Eccno»ic5 
By:  C.D.S.  HARKETINE 


V  60 
PAEE 


COLD  THERHAL  STQRA6E  -  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 


ieekday -  - -  Saturday 


Typ: 

ical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chi  1 1 

Storage 

OADB 

DANE 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Demand 

Capacity 

Hour 

(F) 

iF! 

(Ton) 

(Ton) 

(kK) 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Ten -Hr) 

14 

82,7 

69.7 

323.9 

0.0 

0.0 

3,464 

323.9 

0.0 

0.0 

3,46- 

15 

84.2 

70,7 

362.3 

0,0 

(i.o 

2,898 

5i2,3 

0.0 

0.0 

2,898 

16 

84.6 

70.3 

612.6 

0.0 

0.0 

2,283 

612.6 

0.0 

0.0 

2,283 

17 

84.4 

70.4 

668.2 

0.0 

0.0 

1  613 

668.2 

0.0 

0.0 

1,613 

18 

83.6 

70.7 

640.3 

640.3 

420.8 

l,il3 

640.3 

640.3 

420.B 

1,613 

19 

82.4 

70.7 

496.1 

496.1 

330.4 

1,613 

496.1 

496.1 

330,4 

1,613 

20 

80.3 

71.9 

476.3 

476.3 

323.1 

1,613 

476.3 

476.3 

323,1 

1,613 

21 

78.9 

72.4 

433.7 

750.0 

746.0 

1,928 

433.7 

750,0 

746.0 

1,928 

22 

76.e 

71.1 

330.3 

750.0 

737,6 

2,346 

330.3 

750.0 

737.6 

2,346 

23 

74.3 

69.3 

243.3 

750.0 

726.2 

2,851 

243.3 

750.0 

726.2 

2,851 

24 

72.2 

67.2 

198.3 

730.0 

r, 

713.3 

3,401 

198.3 

750.0 

_ u 

713.3 

3,401 

nui.'ucj 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Lead 

Desand 

Capacity 

Hour 

(F) 

(FS 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

1 

70.1 

63.3 

150.3 

750.0 

702.0 

3,99? 

150.3 

730,0 

702.0 

3,997 

-t 

6S.2 

63.3 

113.6 

730.0 

691.6 

4,629 

115.6 

730.0 

691.6 

4,629 

66.6 

62.2 

83. 6 

463.6 

393.7 

3,000 

38.6 

463.6 

393.7 

3,000 

4 

63.4 

61.1 

72.3 

72.3 

87. 9 

3,000 

72.3 

72.3 

67.9 

3,000 

5 

64.6 

60.7 

101.5 

101.3 

11S,8 

3,000 

101.5 

101.3 

118.8 

3,000 

6 

64.4 

60.7 

173.3 

175.5 

146.6 

3,000 

173.3 

175.3 

146.6 

5,000 

1 

64.9 

61,2 

173.0 

173.0 

146.5 

3,000 

173.0 

173.0 

146.3 

5,000 

B 

66.3 

61.6 

180.0 

180.0 

150.0 

3,000 

180.0 

iSO.O 

150,0 

5,000 

9 

63.5 

62.5 

178.0 

178.0 

130.9 

3,000 

178.0 

178.0 

150.9 

5,000 

10 

71.4 

63.6 

230.6 

230.6 

183.9 

3,000 

230.6 

250.6 

183.9 

5,000 

11 

74.3 

65.1 

396.0 

396.0 

236.9 

3,000 

396.0 

396.0 

256.9 

5,000 

12 

77.6 

66. B 

504.  B 

0.0 

0.0 

4,491 

304.8 

0.0 

O.G 

4,491 

13 

80.5 

68.2 

493.1 

0.0 

0.0 

3,993 

495.1 

G.O 

(1.0 

3,993 

14 

82.7 

69.7 

525.9 

O.Q 

0.0 

3,464 

523.9 

0.0 

0.0 

3,464 

13 

84.2 

70.7 

562.3 

O.G 

0.0 

2,898 

362.3 

0.0 

0.0 

2,898 

16 

84.6 

70.5 

612.6 

0.0 

0.0 

2,283 

612.6 

0.0 

0.0 

2,283 

17 

84.4 

70.4 

66S.2 

0.0 

0.0 

1,613 

668.2 

0.0 

0.0 

1,613 

18 

83.6 

70.7 

640.3 

640. 3 

420.8 

1,613 

640.3 

640.3 

420.  S 

1,613 

19 

82.4 

70.7 

496.1 

496.1 

330.4 

1,613 

496.1 

496.1 

330.4 

1,613 

2(1 

80.8 

71.9 

476.3 

476.3 

323.1 

1,613 

476.3 

476.3 

323.1 

1,613 

21 

78. 9 

72.4 

433 . 7 

730.0 

746.0 

1,928 

433.7 

730.0 

746.0 

1,928 

22 

76,8 

71.1 

330,5 

750.0 

737.6 

2,346 

330 . 5 

730.0 

737.6 

2,346 

23 

74.3 

69.3 

243.3 

750,0 

726 . 2 

2,331 

243.3 

750.0 

726.2 

2,851 

24 

72.2 

67.2 

198.3 

730.0 

,713.3 

3,401 

198.3 

730.0 

713.3 

7  am 

Trane  Air  Cor'ditiCRi!!5  Ecorcsice 
By:  C.D.S.  RARKETIJIB 

COLD  THERHAL  STGRA6E  -  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 

— -  BUILDINB  C00LIN6  DEMANDS  AND  THERMAL  STCRAEE 

SsptBsfesr 


DseI 

gn 

Cooling 

Chiller 

Chiller 

storage 

OADB 

DAHB 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

IF! 

(Ton) 

(Tor) 

(kH) 

(7on-Hr) 

1 

64.3 

60.7 

76.6 

750.0 

676.3 

4,071 

2 

63.3 

59.8 

60.2 

750.0 

671.7 

4J5S 

3 

62.4 

59.2 

48.1 

294 . 0 

256.1 

5,000 

4 

61.8 

58.5 

35.4 

35.4 

42.0 

5,000 

5 

61.6 

58.3 

42.2 

42.2 

50.2 

5,000 

h 

62.0 

58.7 

54.3 

54.3 

64.5 

5,000 

1 

63.1 

59.8 

142.1 

142.1 

132.4 

5,000 

8 

64.9 

61.3 

146.5 

146.5 

136.4 

5,000 

9 

67.5 

62.3 

207.6 

207.6 

162.7 

5,000 

10 

70.6 

63.4 

305.6 

305.6 

208.3 

5,000 

11 

74.0 

65.1 

491.7 

491.7 

308.0 

5,000 

12 

77.3 

66.6 

611.3 

0.0 

0.0 

4 , 335 

13 

79.7 

68.1 

579.7 

0.0 

0.0 

QAJ 

W*  \  V*  A 

14 

81.3 

68.9 

596.3 

C.O 

0.0 

V  5  - 

15 

81.9 

69.3 

623.8 

0.0 

0.0 

2,576 

16 

81.3 

68.6 

684 . 1 

0.0 

0.0 

1,890 

17 

79.9 

68.2 

694.6 

0.0 

0.0 

1,194 

18 

7-  7 

}  i  f  :• 

67.0 

653.5 

653.5 

415.7 

i,m 

19 

75.0 

66.9 

506.2 

322.3 

1,194 

20 

72.4 

66.6 

369.5 

369.5 

247.9 

1,194 

21 

70.2 

65.3 

2S3.2 

750.0 

702.0 

1,659 

22 

68.1 

63.7 

169.8 

750.0 

692.8 

2,238 

23 

66.5 

62.5 

112.6 

750.0 

686.1 

2,874 

24 

65.3 

61.6 

96.5 

750.0 

U- 

681.1 

3,525 

- Sat 

urday 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

storage 

OADB 

OAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

IF) 

IF) 

(Tor) 

(Ten) 

{k«) 

(Ton-Hr) 

(Ton) 

(Ton! 

im 

(Ton-Hr) 

1 

63.9 

61.5 

68.5 

750.0 

680.6 

4,204 

74.8 

628.5 

546.7 

5,000 

2 

62.0 

59.7 

47.6 

750.0 

671.1 

4,903 

48.1 

48.1 

57.6 

5,000 

3 

60.4 

58. 4 

26.6 

127.8 

154.4 

5,000 

26.6 

26.6 

31.6 

5,000 

4 

59.2 

57.1 

15.4 

0.0 

0.0 

5,000 

15.4 

0.0 

0.0 

5,000 

c 

58.4 

56.3 

19.2 

0.0 

.  0.0 

5,000 

19.2 

0.0 

0.0 

5,000 

6 

53,2 

56.1 

24.3 

24.3 

'  28.9 

5,000 

24.3 

24.3 

23 . 9 

5,000 

7 

58.7 

56.7 

8.4 

0.0 

0.0 

5,000 

8.4 

0.0 

0.0 

5,000 

8 

60.1 

57.9 

87,6 

87. 6 

104,0 

5.000 

87.6 

8^.6 

} Ai ^  F J 

^  Ann 

J  '•  '■ 

9 

62.4 

5S.6 

79.2 

79,2 

94.1 

5  *'  - 

79.2 

79.2 

?4.1 

5,000 

10 

65.2 

59.6 

t  *9  9 

142.2 

132.4 

f'jRA 

<  V  V  > 

142.9 

142.9 

132.7 

5,000 

11 

6S.3 

61.1 

97 r  ■? 

275.3 

189.1 

5,000 

275.3 

*^7  ,  3 

189.1 

5,000 

12 

71.5 

62.7 

415.0 

0.0 

0.0 

4,581 

415.0 

0.0 

0.0 

4,581 

13 

74.3 

64.6 

413,9 

0.0 

0 . 0 

4’,  1=3 

41^.3 

0.0 

0.0 

4,163 

Trane  Air  CcnditiDning  Eccnoaics 
By;  C.D.S.  HARKETINB 


V  600 
PASE 

COLD  THERHAL  STORAGE  -  ALTERNATIVE  ^ 

12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 


Weekday - - -  - -  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(Fi 

iF) 

(Ton) 

(Ton) 

(k«l 

{Ton~Hr) 

(Ton) 

(Ton) 

(kWl 

(Ton-Hr) 

76.6 

66.0 

456.6 

0.0 

0.0 

3,703 

456.6 

0.0 

0.0 

3J03 

15 

73.0 

67.1 

465.5 

0.0 

0.0 

3,235 

465.5 

0.0 

0.0 

3,235 

16 

78.5 

67.5 

514.5 

0.0 

0.0 

2,718 

514.5 

0.0 

0.0 

2,71S 

17 

7S.2 

67.9 

550.9 

0.0 

0.0 

2,165 

550.9 

0.0 

0.0 

2,165 

IB 

77.5 

68.0 

499.0 

499.0 

322.2 

2,165 

499.0 

499.0 

322.2 

2.165 

19 

76.3 

69.3 

379.7 

379.7 

261.0 

2,165 

379.7 

379.7 

261.0 

2,165 

20 

74.7 

70.0 

343.0 

348.0 

246.4 

2,165 

343.0 

343.0 

246.4 

2,165 

21 

72.7 

69.0 

290,0 

750.0 

724.4 

2,623 

290.0 

750.0 

724,4 

2,ii2c> 

70.6 

67.3 

190.0 

750.0 

713.9 

3,181 

190.0 

750.0 

713.9 

3,lSi 

23 

68.3 

65.4 

121.4 

750.0 

702.6 

3,807 

121.4 

750.0 

702.6 

3,807 

24 

66.1 

63.6 

104.2 

750.0 

r 

692.2 

4,450 

104.2 

750.0 

_ M 

692.2 

4,450 

- SUflUdy  —  ' 

fiUWUC  J 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

GADS 

OA«B 

Load 

Load 

Deaand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

iF) 

\  '  i 

(Ton) 

(Ton) 

(kNj 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

1 

63.9 

61.5 

74.S 

62S.S 

547 . 1 

5,000 

74.3 

623,3 

547.1 

5,000 

62.0 

5U 

48. 1 

4£-i 

57.6 

5.000 

43.1 

4S.1 

57.6 

5,000 

3 

60.4 

58.4 

26.6 

26.6 

31 .6 

5,000 

26.6 

26.6 

31.6 

5,000 

4 

59.2 

57.1 

15.4 

0.0 

0.0 

5*000 

15.4 

0.0 

0.0 

5,000 

5 

58.4 

56.3 

19.2 

0.0 

0.0 

5,000 

19.2 

0.0 

0.0 

5,000 

6 

58.2 

56.1 

24.3 

24.3 

2S.9 

5 , 000 

24.3 

24.3 

23,9 

5,00o 

1 

58.7 

56.7 

8.4 

0.0 

0.0 

5,000 

8.4 

0.0 

0.0 

5,000 

8 

60.1 

57.9 

87. 6 

87. 6 

104.0 

5,000 

37.6 

87.6 

104.0 

5,000 

9 

62.4 

58.6 

79  7 

?9,2 

94,1 

5,000 

I'f  t  i. 

79.2 

94.1 

5.000 

10 

65.2 

59.6 

142.9 

142.9 

132.7 

5,000 

142.9 

142.9 

132.7 

5,000 

11 

68.3 

61.1 

275.3 

275.3 

189.1 

5,000 

275.3 

275.3 

139.1 

5,000 

12 

71.5 

62.7 

415.0 

0.0 

0.0 

4,581 

415.0 

0.0 

0.0 

4,581 

13 

74.3 

64,6 

414.3 

0.0 

0.0 

4,163 

414.3 

O.G 

0.0 

4 , 163 

14 

76,6 

66.0 

456.6 

0.0 

0.0 

3,7u3 

456.6 

0.0 

0.0 

3;703 

15 

73.0 

67.1 

465.5 

0.0 

0.0 

■7 

465.5 

0.0 

0.0 

■7  T?C 

16 

78.5 

67.5 

514.5 

0.0 

O.G 

2.716 

514.5 

0.0 

0.0 

ISQ 

I ' 

17 

78.2 

67.9 

550.9 

0.0 

0.0 

2,165 

550.9 

0.0 

0.0 

2,165 

IS 

77.5 

68.0 

499.0 

499.0 

322.2 

2,165 

499.0 

499.0 

322.2 

2,165 

19 

76.3 

69.3 

379.7 

379.7 

261.0 

2 ,165 

379.7 

379.7 

261 . 0 

2,165 

20 

74.7 

70.0 

348.0 

348. 0 

246.4 

2,165 

348.0 

348.0 

246.4 

2,165 

21 

72.7 

69.0 

290.0 

750.0 

724.4 

2.623 

290.0 

750.0 

724.4 

2,623 

70.6 

67.3 

190.0 

750.0 

713.9 

3,181 

190.0 

750.0 

713.9 

3,131 

JLv 

68.3 

65.4 

121.4 

750.0 

'702.6 

3,307 

121.4 

750.0 

702.6 

3,807 

24 

66.1 

63.6 

104.2 

750.0 

692.2 

4,450 

104.2 

750.0 

692.2 

4,450 

ECO  IH-5 


Air  Condi ticninc  Econosin^- 
By:  C.D.S.  HARKETING  * 

COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

E  LI  I  L  D  !  N  e  CODLING  DEMANDS  AND 

June 


- ^ 

ebiur; - 

Dee 

iqn 

Ceding 

Chiller 

Chiller 

Storage 

OADE 

’OAHB 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F} 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

1 

66.7 

65.1 

0.0 

0.0 

0.0 

2,600 

0 

67.3 

64.4 

0.0 

0.0 

0.0 

2,600 

3 

67.0 

63.5 

0.0 

0.0 

0.0 

2,600 

4 

66,4 

62.7 

0.0 

0.0 

0.0 

2,600 

5 

66.3 

62.7 

0.0 

0.0 

0.0 

2,600 

6 

66.6 

63.7 

0.0 

(1.0 

0.0 

2,600 

7 

67.6 

64.5 

0.0 

0.0 

0.0 

2,600 

8 

69.3 

65.1 

0.0 

0.0 

0.0 

2,600 

9 

71.8 

66.0 

65.3 

65.3 

84.1 

2,600 

10 

74.6 

67.6 

109.2 

109.2 

117.8 

2,600 

11 

77.8 

69 ,  B 

241.8 

241.8 

181.1 

2,600 

12 

80.9 

71.9 

384 . 5 

384.5 

262.4 

2,600 

13 

83.2 

73 , 5 

353.7 

0.0 

0.0 

2,244 

14 

34,7 

74 , 4 

435.0 

0 . 0 

0 

1,807 

15 

85.3 

74.6 

542.1 

0.0 

0.0 

1,264 

16 

84.7 

74.5 

692.4 

632.4 

475.9 

1,264 

17 

83.4 

73.5 

806.8 

806.8 

577.8 

1,264 

IS 

81.3 

71.5 

768.0 

763.0 

534.5 

1,264 

19 

73. 8 

70.1 

652 . 3 

652,3 

434.7 

1,264 

20 

76.3 

70.0 

'jQt  t 

591.1 

388. 7 

1,264 

21 

74.2 

69.5 

546.4 

546.4 

355.5 

1,264 

22 

72.3 

68.7 

422.4 

422.4 

274.8 

1,264 

23 

70.8 

67.1 

246.2 

246,2 

177,8 

1,264 

24 

69.7 

65.8 

170.5 

170.5 

140.9 

1,264 

Weekday 


Typ 

iCBl 

Cooling 

Chiller 

Chiller 

Storage 

OADE 

OANB 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

i 

67.6 

65.3 

119.5 

630.0 

599.6 

1,773 

2 

66.0 

63.9 

103.2 

630.0 

582.8 

2,299 

3 

64.6 

62.4 

79.4 

382.5 

325.4 

2,600 

4 

63.7 

61 .3 

65.3 

65.3 

79.4 

2,600 

5 

63 . 0 

60.8 

69.4 

69.4 

'^83.8 

2,600 

6 

62.8 

61.2 

153.4 

153.4 

i26.4 

2,600 

7 

63.4 

61.7 

195.5 

195x5 

144.6 

2,600 

8 

65.1 

62.3 

185. 3 

195.3 

141.3 

2.600 

9 

67.6 

63.3 

220.8 

•'m  ft 

158. 6 

2,600 

10 

70.7 

65.2 

286.9 

296.9 

193.3 

2,600 

11 

74.0 

67.5 

*♦  w-i  .  w- 

432.3 

276." 

2 , 600 

12 

77.1 

69.3 

557 . 6 

557.6 

364.2 

2,600 

13 

79.6 

71.6 

53' .2 

0.0 

0x0 

n  jVi.7 

V  600 
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THERMAL  STORAGE  — - 


“  -  Sd 

Aurud';' - 

■moling 

Chiller 

Chiller 

Storage 

Load 

Load 

Desand 

Capacity 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

125.9 

630.0 

589.6 

1,468 

102.7 

630.0 

582.  S 

1,994 

79.5 

630.0 

575.  S 

2,543 

65.3 

124.7 

141.7 

2,600 

69.4 

69.4 

83.9 

2,600 

153.5 

153.5 

126.4 

2,600 

195.5 

195.5 

1^4.6 

2 , 600 

195,6 

185.6 

141.5 

2,600 

220.8 

220 . 6 

158.6 

2,600 

286,9 

296 . 9 

193,3 

7  Al'iA 

432.3 

4  "^7 

276.7 

2,600 

c,c7  A 

557x6 

364.2 

2,600 

0.0 

/.  A 

7 

Trane  Air  ConditicninD  Econoeice 
Byi  C.D.S.  MARKETING  ^ 


COLD  THERHAL  STORABE  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


Neekday 


Saturday 


Typical 

Coding 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Scorage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F! 

(Ton! 

(Ton) 

(kN) 

(Jon-Hr) 

(Toni 

(Ten) 

m 

(Ton-Hr) 

14 

81.3 

72.7 

534.2 

0.0 

0.0 

1,527 

534.2 

0.0 

0.0 

1,52? 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

964 

561.4 

0.0 

0.0 

964 

16 

81.6 

73.1 

609.6 

609.6 

413.5 

964 

609.6 

609.6 

413.5 

964 

17 

81.0 

72.7 

678.8 

678.8 

465.6 

964 

67S.S 

678.8 

465.6 

964 

le 

80,0 

71. i 

6i5.! 

665.1 

450.4 

964 

665.1 

665.1 

450.4 

964 

19 

78.7 

71.3 

542,0 

542.0 

358.3 

964 

542.0 

542.0 

358.3 

964 

20 

77,1 

72.0 

496.4 

496,4 

330.7 

964 

496.4 

496.4 

330,7 

964 

2i 

75.3 

71,8 

448.1 

448.1 

299.8 

964 

448.1 

448.1 

299.8 

964 

22 

73.3 

71.0 

338.5 

338.5 

234.0 

964 

338.5 

338.5 

234.0 

964 

23 

71.3 

68.9 

227.4 

227.4 

172.4 

964 

227.4 

227.4 

172.4 

964 

24 

69.4 

66,8 

158.1 

158.1 

137.1 

964 

158,1 

158.1 

_ M 

137.1 

964 

-  aunuay  - 

Typical 

Coding 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Lead 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

/PI 

K»  { 

(F! 

(Ton) 

(Ten) 

{k«? 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

1 

67,6 

65.3 

125.9 

630.0 

589.6 

1,468 

125.9 

630 . 0 

589.6 

\ 

2 

66.0 

63.9 

102.7 

630.0 

582.8 

1,994 

102.7 

630.0 

5B2.S 

1,994 

3 

64.6 

62.4 

79.5 

630.0 

575.6 

2,543 

79.5 

630 . 0 

575.8 

2,543 

4 

63.7 

61.3 

65.3 

124,7 

141.7 

2,600 

65.3 

124.7 

141.7 

2.600 

5 

63.0 

60.8 

69.4 

69.4 

83,8 

2,600 

69.4 

69.4 

83.8 

2,600 

6 

62.8 

61.2 

c 

153.5 

126.4 

2,600 

153.5 

153.5 

126.4 

2,600 

7 

63.4 

61.7 

195.5 

195.5 

144.6 

2,600 

195.5 

195.5 

144.6 

2,600 

8 

65.1 

62.3 

185.6 

185.6 

141.5 

2,600 

185.6 

185.6 

141.5 

2^600 

9 

67.6 

6^ .  0^ 

220.8 

220.8 

158.6 

2,600 

220.8 

220.  S 

158.6 

2,600 

10 

70.7 

65.2 

286.9 

266.9 

193.3 

2,600 

286. 9 

286.9 

193.3 

2,600 

11 

74.0 

67.5 

432.3 

432.3 

276.7 

2^600 

432.3 

432.3 

276.7 

2.600 

12 

77.1 

69.8 

557.6 

557.6 

364.2 

2,600 

557.6 

557, i. 

364.2 

2,600 

13 

79.6 

71.6 

535.2 

0.0 

0.0 

2,063 

535.2 

0.0 

0.0 

2.063 

14 

81.3 

72.7 

534.2 

0.0 

0.0 

1,527 

534.2 

0.0 

0,0 

1,527 

15 

81.8 

72,8 

561.4 

0.0 

0.0 

964 

561.4 

0.0 

0.0 

964 

16 

81.6 

73.1 

609.6 

609.6 

413.5 

964 

609.6 

609.6 

413.5 

964 

17 

81.0 

72.7 

678.8 

678.8 

465.6 

964 

67S.S 

67 8.9 

465 . 6 

964 

IS 

80.0 

71.  t 

665.1 

665.1 

450.4 

964 

665.1 

665.1 

450.4 

964 

19 

78.7 

71.3 

542.0 

542.0 

358,3 

964 

542.0 

542.0 

358.3 

964 

20 

77.1 

72.0 

496.4 

496.4 

330.7 

964 

496.4 

496.4 

330.7 

964 

21 

75.3 

71.8 

448.1 

446.1 

299.8 

964 

448.1 

448.1 

299.  B 

964 

22 

73.3 

71.0 

33B.5 

338.5 

234.0 

964 

338.5 

338.5 

234.0 

964 

7"? 

71.3 

68.9 

227.4 

227.4 

172,4 

964 

227.4 

227,4 

172.4 

964 

24 

69.4 

66.8 

158.1 

158.1 

'137.1 

964 

158.1 

158.1 

137.1 

964 

V  600 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE 

July 


Design 


Des 

ign 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Dei and 

Capacity 

Hour 

(FI 

(F) 

(Ton) 

(Ton) 

{k«! 

(Ton-Hr) 

1 

73.4 

68.8 

258.3 

630.0 

607.4 

1,335 

7 

72.3 

67.9 

206 . 7 

630.0 

602.7 

1.757 

3 

71.4 

67.2 

185.6 

630.0 

599.1 

2,200 

4 

70.7 

67.0 

180.9 

532.3 

542.2 

2,600 

5 

70.5 

66.9 

252.9 

252,9 

180.5 

2,600 

h 

71.0 

67.4 

326.9 

326.9 

218.7 

2,600 

1 

72.1 

68.4 

380.7 

380.7 

250.3 

2,600 

8 

74.1 

69.3 

401.4 

401.4 

264.5 

2,600 

9 

77.0 

70.1 

420.6 

420.6 

278.0 

2,600 

10 

80.4 

71.4 

494.4 

494.4 

327.3 

2.600 

11 

84.2 

73.3 

672.3 

672.3 

462.9 

2,600 

12 

87.8 

75.5 

775.6 

775.6 

559.6 

2,600 

13 

90.5 

76.5 

733.0 

0.0 

0.0 

1,865 

14 

92,3 

76.8 

763,3 

0.0 

0.0 

i,i00 

15 

93.0 

77.0 

805.4 

0.0 

0.0 

294 

16 

92.3 

76.7 

891.8 

820.0 

605,7 

222 

17 

90.8 

75.3 

889.6 

820.0 

59S.6 

153 

IS 

88.3 

74.2 

860 . 2 

620.0 

593.1 

112 

19 

85.4 

72.9 

714.1 

714.1 

495.2 

112 

20 

82.4 

73.4 

690.5 

690.5 

469.9 

112 

21 

80.0 

73.0 

641.2 

641.2 

437.2 

112 

22 

77,7 

72.3 

559.5 

559.5 

374.0 

112 

23 

75.9 

70.6 

426.3 

426.3 

252.9 

112 

24 

74.6 

69.4 

290.2 

280.2 

199,4 

112 

_  _ 

- ffe-enosy - 

W  U  L  'J  f  W  d  J 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F! 

(F! 

(Ton) 

(Ton) 

(l!«) 

{Ton-Hr) 

(Ton! 

(Ton) 

(kli) 

(Ton-Hr) 

1 

74.3 

71.0 

259.7 

630.0 

619.0 

462 

265.3 

630.0 

619.0 

1,144 

2 

71.9 

68.8 

219.9 

630.0 

t07.4 

892 

214.6 

630.0 

607.4 

1,558 

3 

69.9 

67.0 

167.1 

630.0 

598.1 

1,354 

167.3 

630.0 

598.1 

2,020 

4 

68.3 

65.9 

152.3 

630.0 

592.6 

1,831 

152.7 

630.0 

592.6 

2,496 

5 

67.4 

65.2 

203.0 

630 , 0 

589.1 

2,256 

203.1 

309.5 

n*7C  i 

^  ■  J  ,  c 

2,6D0 

6 

67.0 

64.9 

256.9 

602.2 

555.1 

2,600 

256.9 

256.9 

173.3 

2,600 

7 

67.5 

65.3 

274.1 

274.1 

187,3 

2,600 

274.2 

274.2 

187.4 

2,600 

8 

68.8 

65.6 

262 . 6 

262 . 6 

182.5 

2,600 

262,6 

262.6 

182.5 

2,600 

9 

70.9 

65.7 

248.7 

248.7 

176,1 

2 , 600 

246. 7 

248.7 

176.1 

2,600 

10 

73.6 

66.5 

305.3 

305,3 

205.5 

2*600 

305.3 

305.3 

205.5 

2,600 

11 

76.7 

67.9 

454.0 

454.0 

290.  i 

2,600 

454.0 

454,0 

290.6 

2,600 

12 

79.9 

i?'  c 

581.5 

581 . 5 

381 . 5 

^  J  w  V 

nQi  n 

531.5 

331.5 

2,600 

Trane  Air  Conditioning  Econosice 
By:  C.D.S.  MARKETING 
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RAGE  4 


COLD  THERHAL  STORAGE  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


Weekday 


—  Saturday 


Typ 

ical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DAiiB 

Load 

Load 

De»and 

Capacity 

Load 

Load 

Demand 

Parii-r  i  tu 

Hour 

(F) 

!Fi 

(Ton! 

(Toni 

(kK) 

(Tcn-Hr) 

(Ton) 

(Toni 

im 

(Ton -Hr) 

14 

85.7 

72.5 

597.7 

0.0 

0.0 

597.7 

0.0 

0.0 

1,135 

15 

87. S 

73.9 

654.3 

0.0 

0.0 

780 

654.3 

0.0 

0.0 

780 

16 

89.1 

75.3 

737,3 

737.3 

780 

737,3 

737.3 

525.3 

780 

17 

89.5 

75.5 

810.6 

810.6 

591 . 1 

780 

810.6 

810.6 

591.1 

780 

18 

89.2 

76.2 

803.8 

803.8 

588.3 

780 

803.8 

803.8 

588.3 

780 

19 

83.3 

76.7 

700.3 

700.3 

500.1 

780 

700.3 

700.3 

500.1 

780 

20 

86.7 

78.6 

684.0 

634.0 

494.6 

780 

634.0 

684.0 

494.6 

780 

21 

84.7 

78.8 

656.5 

656.5 

472.6 

780 

656.5 

656.5 

472.6 

780 

22 

82.3 

78.0 

549.7 

549.7 

389.2 

780 

549.7 

549.7 

389.2 

780 

*>7 

^v 

79.6 

75.4 

419.7 

419.7 

293.8 

780 

419.7 

419.7 

293.6 

780 

24 

76.9 

73.0 

325 . 9 

325.9 

232.2 

780 

325 . 9 

325.9 

780 

Sunday 


Hondey  — 


Typical 

Ccoline 

Chiller 

Chiller 

Storage 

Cooling 

rh-inpr 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Deiand 

Capacity 

ur 

(F) 

(F) 

(Ton) 

(Ton) 

{m 

(Ton-Hr) 

(Ton) 

(Toni 

im 

(Ton-Hr) 

1 

74.3 

71.0 

265.3 

630.0 

619.0 

1,144 

265.3 

630.0 

619.0 

ici44 

2 

71.9 

63.8 

214.6 

630.0 

607.4 

1,558 

214.6 

630.0 

607.4 

1,558 

3 

69.9 

67.0 

167.3 

630.0 

598.1 

2,020 

167.3 

630.0 

598.1 

')  r)'yf) 

^  jr  V  ^  V 

4 

68.3 

65.9 

I'v’?  7 

630.0 

592.6 

2,496 

152.7 

630.0 

592.6 

2,496 

5 

67.4 

65.2 

203.1 

309.5 

275.6 

2,600 

203.1 

309.5 

275.6 

2,600 

6 

67.0 

64,9 

256.9 

256,9 

176,3 

2,600 

256.9 

256,9 

178.3 

2,600 

7 

67.5 

65.3 

274.2 

274.2 

187.4 

2,600 

274,2 

274.2 

187.4 

2,600 

8 

68.3 

65.6 

262.6 

262.6 

182.5 

2 1 600 

262,6 

262.6 

182. 5 

2,600 

9 

70.9 

65.7 

248.7 

243.7 

176.1 

2^600 

248.7 

248.7 

176.1 

2,600 

10 

73.6 

66.5 

305,3 

305.3 

205.5 

2 « 600 

305.3 

305.3 

205.5 

2,600 

11 

76.7 

67.9 

454.0 

454.0 

290.6 

2,600 

454.0 

454.0 

290.6 

2,600 

12 

79.9 

69.9 

581.5 

581.5 

361 . 5 

2,600 

581.5 

581.5 

381.5 

2,600 

13 

83,0 

71.3 

563.2 

0.0 

0.0 

..  <  V  0  L- 

563 . 2 

0.0 

0.0 

2,035 

14 

85.7 

72.5 

597.7 

0.0 

0.0 

1,435 

597.7 

0.0 

0.0 

M35 

15 

87.8 

73.9 

654,3 

0.0 

0.0 

780 

654.3 

0.0 

0 . 0 

7S0 

16 

89.1 

75.3 

737.3 

737.3 

5*^5 , 3 

780 

737.3 

737.3 

525 . 3 

780 

17 

89.5 

75.5 

810.6 

310,6 

591.1 

780 

810.6 

810.6 

591.1 

760 

18 

89.2 

76.2 

803.  B 

803.9 

588.3 

780 

803.8 

803.8 

5SS.3 

780 

19 

88.3 

76.7 

700.3 

700.3 

500.1 

780 

700.3 

700.3 

500.1 

780 

20 

86.7 

78.6 

684.0 

684.0 

494.6 

780 

684.0 

684.0 

494.6 

780 

21 

84.7 

78.8 

656.5 

656.5 

472.6 

780 

656,5 

656.5 

472.6 

780 

22 

82.3 

78.0 

549.7 

549.7 

389. 2 

780 

549.7 

549.7 

389.2 

780 

23 

79.6 

75.4 

419.7 

419.7 

^293.8 

A 

;  Hi) 

^  w  \- 

419.7 

419.7 

293.8 

780 

24 

76.9 

73.0 

325.9 

325.9 

232 . 2 

7B0 

325.9 

325.9 

il  wil  9  ^ 

780 

V  600 
^ABE 


Trane  A:r  Conditioning  Econesice 
By  I  C.D.S.  HARKETINB 

COLD  THERMAL  ST0RA6E  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- B  U  I  L  D  I  N  6  COOLING  DEMANDS  AND  THERMAL  STORAGE 


August 


-  Deeion 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

flour 

(F) 

(F) 

(Ton) 

(Ton) 

(tK) 

(Ton-Hr) 

1 

70,5 

64.5 

164.0 

630.0 

585.7 

1,245 

2 

69.5 

63.5 

133.5 

630.0 

580.9 

1,741 

3 

68.7 

63.0 

120.1 

i30.0 

578.6 

2,249 

4 

68.1 

62.4 

107.0 

459.4 

394.7 

2,600 

5 

67.9 

62.6 

162.3 

162.3 

132.2 

2,600 

6 

68.3 

63.2 

240.7 

240.7 

167.3 

2,600 

7 

69.3 

64.1 

261.5 

261.5 

178.7 

2,600 

8 

71.1 

64.9 

292.4 

292.4 

195.3 

2,600 

9 

73.7 

66.1 

328.4 

328.4 

216.3 

2,600 

10 

76. S 

67.2 

406.9 

406.9 

261.4 

2,600 

11 

80.2 

68.9 

583.6 

583.6 

379.5 

2,600 

12 

83.4 

70.6 

695.3 

695.3 

470 . 4 

n  /.A A 

4.  ,  W  V'  V 

13 

85.8 

71.5 

664.3 

0.0 

0.0 

1,934 

14 

87.5 

72.5 

698.6 

0.0 

0.0 

1 ,  ^  >■' 

itt 

38.1 

72.7 

727.3 

0.0 

0.0 

505 

16 

87.5 

71.7 

794.2 

794.2 

558. 1 

505 

17 

86.0 

70.6 

806.4 

806.4 

C  /  T 

t.l6x.'  .  / 

505 

18 

83.8 

69.7 

758.7 

758.7 

518.7 

505 

19 

81.2 

68.5 

598.2 

598.2 

388.6 

505 

20 

73.6 

68.7 

545.2 

545.2 

352.1 

505 

21 

76.4 

68. 8 

454.4 

454.4 

293.8 

505 

22 

74.3 

67.6 

321.1 

321.1 

216.2 

505 

23- 

72.7 

66.4 

220.6 

220.8 

164.5 

505 

24 

71.5 

65.3 

194.9 

194.9 

150.7 

505 

-  we&Koay  - 

turd ay 

Ty 

pical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OA«B 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

{Fl 

(Ton! 

(Ton) 

im 

(Ton-Hrl 

(Ton) 

{Toni 

(jrH) 

(Ton-Hr) 

1 

70.1 

65.3 

145.1 

630.0 

589.6 

990 

150.5 

630.0 

589.6 

1,490 

n 

i. 

68.2 

63.5 

116.3 

630.0 

580.9 

1,503 

115.6 

630.0 

580.9 

2,004 

3 

66.6 

62.2 

38.4 

630 . 0 

574.6 

2,043 

88.6 

630.0 

574.  B 

2,543 

4 

65.4 

61.1 

72.4 

630.0 

569.8 

2,599 

72.3 

130.9 

144.9 

2,600 

64.6 

60.7 

101.2 

104.4 

.129.4 

2,600 

101.5 

101.5 

105.8 

2,600 

A 

64.4 

60.7 

175.6 

175.6 

134.6 

2,600 

175.5 

175.5 

134.6 

2,600 

7 

64.9 

61.2 

173.0 

173.0 

134.3 

2,600 

173.0 

173.0 

134.4 

2,600 

8 

66.3 

61.6 

179.8 

179.8 

137.3 

7  A  An 

.fe  JE  w*  1.'  V 

180.0 

180.0 

»  •?7  Q 

2,600 

9 

68. 5 

62.5 

178.1 

178.1 

138.6 

2,600 

178.0 

178,0 

13B.6 

2,600 

10 

71.4 

63.6 

250.5 

250.5 

172.6 

7  aAA 

5  -  V 

250.6 

250.6 

172.6 

2,600 

11 

74.5 

65.1 

396.0 

396.0 

249.1 

2,600 

396.0 

396.0 

249.1 

2,600 

12 

77.6 

66.8 

504.8 

504.8 

2,600 

504.8 

504.  S 

319.3 

2,600 

13 

90.5 

68,2 

495.1 

0 , 0 

0.0 

7  tA*^ 

495.1 

0 1 0 

0.0 

2,103 

V  tOO 

PAGE 


Trine  Air  Conditioning  Econcsice 
By:  C.D.S.  «ARKETI>iS 

COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
e  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


Weekday - - —  - —  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWB 

Load 

Load 

Deftand 

Capacity 

Load 

Load 

Deaand 

Capacity 

Hour 

(F! 

(F) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

ITon) 

(Ton) 

(ktij 

(Ton-Hr) 

14 

32.7 

69.7 

525.^ 

0.0 

0,0 

1,575 

525.9 

0.0 

0 . 0 

1,5?;. 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

1,012 

562.3 

0.0 

0.0 

1,012 

it 

84.6 

70.5 

612.6 

612.6 

406.2 

1,012 

612.6 

612.6 

406.2 

1,012 

17 

84.4 

70.4 

668 . 2 

668.2 

448.1 

1,012 

668.2 

668. 2 

443.1 

1,012 

IB 

83.6 

70.7 

640.3 

640.3 

427.8 

1,012 

640.3 

640.3 

427. S 

1,012 

19 

82.4 

70.7 

496.1 

496.1 

325.8 

1,012 

496.1 

496.1 

325.  S 

1,012 

20 

80.  S 

71.9 

476.3 

476.3 

317.6 

1,012 

476.3 

476.3 

317.6 

1,012 

21 

78. 9 

72.4 

433.7 

433,7 

293.1 

1,012 

433.7 

433.7 

293.1 

1,012 

22 

76.8 

71.1 

330.5 

330.5 

229 . 

1,012 

330.5 

330.5 

229.9 

1,012 

23 

74.5 

69.3 

243.3 

243.3 

180.8 

1,012 

243.3 

243.3 

180.8 

1,012 

24 

72.2 

67.2 

198.3 

198.3 

155.6 

1,012 

198.3 

198.3 

155.6 

1,012 

UL'HUC.; 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWB 

Load 

Load 

Dsftand 

Capacity 

Load 

Load 

Deesnd 

Capacity 

Hour 

(F! 

(F) 

(Ton) 

(Ton) 

(k») 

(Ton-Hr) 

(Ton) 

(Ton) 

(t:»i 

(Ton-Hr) 

1 

70.1 

65.3 

150.5 

630.0 

589.6 

1,490 

150.5 

630 . 0 

58".  6 

1,490 

68.2 

63.5 

115.6 

630.0 

580.9 

2,004 

115.6 

630.0 

5B0.9 

2,004 

3 

66,6 

62.2 

88.6 

630 , 0 

574.8 

2,543 

88.6 

630.0 

574.8 

2,543 

it 

65.4 

61.1 

72.3 

130,9 

144.9 

2,600 

72.3 

130.9 

144.9 

2,600 

c 

64.6 

60.7 

101.5 

101.5 

105.8 

2,600 

101.5 

101.5 

105.8 

2,600 

t 

64.4 

60.7 

175.5 

175.5 

134.6 

2,600 

175.5 

175.5 

134.6 

2,600 

7 

64.9 

61.2 

173.0 

173.0 

134,4 

2,600 

173.0 

173.0 

134.4 

n-  iAA 

,  W  V  V 

8 

66.3 

61.6 

180.0 

180.0 

137.9 

2,600 

180.0 

leo.o 

137.9 

2^600 

9 

68.5 

62.5 

178.0 

178.0 

138.6 

2,600 

178.0 

178.0 

138.6 

2,600 

10 

71.4 

63.6 

250.6 

250.6 

172.6 

2,600 

250.6 

250.6 

172.6 

2,600 

11 

74.5 

65.1 

396.0 

396.0 

249.1 

2,600 

396.0 

396.0 

249.1 

2,600 

12 

77.6 

66.8 

504.3 

504,8 

319.3 

2,600 

504.8 

504.  B 

319.3 

2,600 

13 

80.5 

68.2 

495.1 

0.0 

0.0 

2,103 

495.1 

0.0 

0.0 

2,103 

14 

82.7 

69.7 

525.9 

0.0 

0,0 

1,575 

Q 

0.0 

0.0 

1,575 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

1,012 

562.3 

0.0 

0.0 

1,012 

it 

84.6 

70.5 

612.6 

612.6 

406.2 

1,012 

A10  A 

612.6 

406.2 

1,012 

1? 

84.4 

70,4 

66S.2 

668.2 

448.1 

1,012 

668.2 

668.2 

448. 1 

1,012 

IS 

83. 6 

70.7 

640.3 

640.3 

427.8 

1,012 

640.3 

640.3 

427.8 

1,012 

19 

82.4 

70.7 

496.1 

496.1 

325.8 

1,012 

496.1 

496.1 

325.8 

1,012 

20 

80.8 

71.9 

476.3 

476.3 

317.6 

1,012 

476.3 

476.3 

317.6 

1,012 

21 

78.9 

72.4 

433.7 

433.7 

293.1 

1,012 

433.7 

433.7 

293.1 

1,012 

22 

76.8 

71.1 

330.5 

330.5 

229 , 9 

1,012 

330.5 

330.5 

229 . 9 

1,012 

23 

74.5 

69.3 

243.3 

243.3 

,180.8 

1,012 

243.3 

243.3 

180. 8 

t  At*? 

*  5  V  *  4. 

24 

72,2 

67.2 

198.3 

198. 3 

155.6 

1,012 

198.3 

198.3 

155.6 

1,012 

Trane  Air  Condi tioninc  Economics 
By:  C.D/B.  MARKET  INS 


V  600 
PABE 


COLD  THERMAL  ST0RA6E  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


B  y  I  L  D  1  N  e  C  0  0  L  I  H  B  DEMANDS  AND  THERMAL  S  T  0  F:  A  6  E 
Septecber 


Dee  ion 


Design 

Ccolinc 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deiand 

Capacity 

3ur 

(F) 

iFI 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

1 

64.3 

60.7 

76.6 

630.0 

568.1 

1,564 

2 

63.3 

59.8 

60.2 

630.0 

564.1 

2,133 

3 

62.4 

59.2 

46.1 

517.0 

439.2 

2 , 60u 

4 

61.8 

5S.5 

35.4 

35,4 

42.0 

2,600 

i: 

61.6 

56.3 

42.2 

42.2 

50.2 

2,600 

6 

62.0 

58.7 

54,3 

54.3 

64.5 

2,600 

7 

63.1 

59.6 

142.1 

142.1 

120.1 

2,600 

s 

64.9 

61.3 

146.5 

146.5 

123.6 

2,600 

9 

67.5 

62.3 

207.6 

207.6 

150.9 

2,600 

10 

70.6 

63.4 

305.6 

305.6 

196.3 

2,600 

11 

74,0 

65.1 

491.7 

491.7 

3  06 .  U 

2,600 

12 

Tf  y 
/  ;  .  J 

66.6 

611.3 

611.3 

391.5 

2,600 

13 

79,7 

66.1 

579.7 

0.0 

0 , 0 

2,016 

14 

61.3 

63.9 

SvA 

0.0 

0.0 

1,420 

15 

61.9 

69.3 

0.0 

0.0 

795 

16 

61,3 

68. S 

634.1 

684.1 

454.4 

795 

17 

79.9 

68.2 

694.6 

694.6 

460.3 

795 

16 

71J 

67,0 

653.5 

653.5 

424.1 

795 

19 

75.0 

66.9 

506.2 

506.2 

320.5 

795 

20 

72.4 

66.6 

369.5 

369.5 

239.2 

795 

21 

70.2 

65.3 

283,2 

283.2 

191.6 

795 

02 

66.1 

63.7 

169.8 

169.8 

137.1 

795 

23 

66.5 

62.5 

112.6 

112.6 

112.3 

795 

24 

65.3 

61.6 

96.5 

96.5 

105.1 

795 

_ _ C-. 

... 

Typ 

ical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chi 1 1 er 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Deaand 

Capacity 

lour 

(F) 

(F) 

(Ton) 

(Ton) 

(kii) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

1 

63.9 

61.5 

68.5 

630.0 

571.6 

1,356 

74.6 

630.0 

571.6 

1,813 

2 

62.0 

59.7 

47.6 

630.0 

563.7 

1,936 

48.1 

630.0 

563.7 

2,393 

3 

60.4 

56.4 

26.6 

630.0 

558.2 

2,539 

26.6 

235.1 

207.3 

2,600 

4 

59.2 

57.1 

15.4 

76.0 

113.8 

2,600 

15.4 

G.O 

0.0 

2,600 

5 

56.4 

56.3 

19.2 

19.2 

,  22.3 

2,600 

19.2 

19.2 

22.8 

2,600 

6 

58. 2 

56.1 

24.3 

24.3 

nr-  0 

Aw  »  ? 

2,600 

24.3 

24.3 

23.9 

2,600 

7 

58.7 

56.7 

8.4 

0.0 

0.0 

2,600 

6.4 

0.0 

0.0 

2,600 

M 

60.1 

57.9 

67.6 

S7.6 

99.4 

?  Ann 

67.6 

87. 6 

99.4 

r  Ann 

? 

62.4 

5S.6 

79.2 

79.2 

94.1 

2,600 

79.2 

79.2 

94.1 

2,600 

10 

65.2 

59.6 

142.2 

142.2 

2  <600 

t  ,•  n  O 

A  .  / 

142.9 

120.4 

r*  Ann 

*p  5  u-  V  V 

11 

66.3 

61.1 

275.3 

275.3 

178.7 

2,600 

275.3 

r7“;  r 

178,7 

2,600 

12 

71.5 

62.7 

415.0 

415.0 

253.8 

2.600 

415,0 

415.0 

253,8 

2 , 600 

13 

74.3 

64.6 

413.9 

0.0 

0.0 

2.164 

*  <  j  y 

^  i 

0.0 

0.0 

*  w  : 

Trsne  Air  Conditicning  Econo*ic5 
By:  C.D.S.  «ARK£TINB 


PASE 


COLD  THEftHAL  STORABE  -  ALTERNATIVE  2 
B  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


Weekday  -  -  Saturday 


Typical 

Coding 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Detand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F! 

(F! 

(Ton) 

(Ton! 

(kt!) 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Ton -Hr) 

14 

76.6 

66.0 

456.6 

0.0 

0.0 

i,m 

456.6 

0.0 

0.0 

1,725 

15 

78.0 

67.1 

465.5 

.  0.0 

0.0 

1,259 

465.5 

0.0 

0.0 

1,258 

16 

78.5 

67.5 

514.5 

514.5 

327.8 

1,259 

514.5 

514.5 

327 , 6 

1,258 

17 

78.2 

67.9 

550.9 

550.9 

353.4 

1,259 

550.9 

550.9 

353.4 

1,258 

13 

77.5 

68. 0 

499.0 

499.0 

319,2 

1,259 

499.0 

499.0 

319.2 

1,258 

19 

76.3 

69.3 

379,7 

379.7 

252.3 

1,259 

379.7 

379.7 

7 

Xv‘X.O 

1,258 

20 

74.7 

70.0 

348.0 

348.0 

236.7 

^ 

348.0 

348.0 

236.7 

1,258 

21 

72.7 

69.0 

290.0 

290.0 

203.5 

1,259 

290,0 

290.0 

203.5 

1,258 

no 

Xi. 

70.6 

67.3 

190.0 

190.0 

152.0 

1,259 

190.0 

190.0 

152.0 

1,258 

23 

68.3 

65.4 

121.4 

121.4 

119.6 

1,259 

121.4 

121.4 

119.6 

1,258 

24 

66.1 

63,6 

104.2 

104,2 

110.6 

1,259 

104.2 

104.2 

_  _ _ M 

110,6 

1,258 

Typical 

CoDlirrg 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Dssand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

V'  1* 

(F! 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

] 

63.9 

61.5 

74.8 

630 . 0 

571.6 

1,813 

74.8 

630.0 

571.6 

A  (  k- V 

t  V 

59.7 

4S.1 

630  r  0 

5c-3 .  / 

2,393 

4S .  i 

630.0 

5  A3.,  7 

*?C7 

i  ,  w  •  w 

3 

60 . 4 

5S.4 

26 , 6 

235.4 

207.5 

2,600 

26.6 

•-!7C  J 

207.5 

2,600 

j 

59.2 

57.1 

15,4 

0,0 

0.0 

2,600 

15,4 

0.0 

0,0 

2,600 

5 

58.4 

56.3 

19.2 

19.2 

22.3 

2,600 

19.2 

19.2 

22.8 

2,600 

A 

53.2 

56.1 

24.3 

24.3 

28. 9 

kf\f\ 

wvv 

24.3 

24.3 

28.9 

2,600 

7 

58.7 

56.7 

6.4 

0.0 

0.0 

2,600 

8.4 

0.0 

0.0 

2,600 

g 

60.1 

57,9 

87.6 

87.6 

99.4 

2,600 

87.6 

87.6 

99.4 

2,600 

9 

62.4 

58.6 

79,2 

79.2 

94.1 

2,600 

79.2 

79.2 

94.1 

2,600 

10 

65.2 

59.6 

142.9 

142.9 

120.4 

2,600 

142.9 

142.9 

120.4 

2,600 

11 

68.3 

61.1 

275.3 

275.3 

178.7 

2,600 

275.3 

275.3 

178.7 

2,600 

12 

71.5 

62.7 

415.0 

415.0 

253.8 

2,600 

415.0 

415.0 

253.3 

2,600 

13 

74.3 

64,6 

414.3 

0.0 

0.0 

2,164 

414.3 

O.G 

0,0 

2,134 

14 

76,6 

66.0 

456.6 

0.0 

0.0 

1,725 

456.6 

0.0 

0.0 

1,725 

15 

76,0 

67.1 

465.5 

0.0 

0,0 

1,258 

465.5 

0.0 

O.G 

»  ncQ 

16 

76.5 

67.5 

514.5 

514.5 

327.8 

1,258 

514.5 

514.5 

327.  S 

1,258 

17 

76.2 

67.9 

550.9 

550.9 

353.4 

1,258 

550.9 

550.9 

353.4 

1,258 

18 

77.5 

68.0 

499.0 

499.0 

319.2 

1,258 

499.0 

499.0 

319.2 

1,258 

19 

76.3 

69.3 

379.7 

379.7 

252.3 

1,253 

379.7 

379.7 

252.3 

1,258 

2G 

74.7 

70.0 

348.0 

348.0 

236.7 

1,256 

34S.0 

348.0 

236.7 

1,258 

21 

72.7 

69.0 

290.0 

290.0 

203.5 

290.0 

290.0 

203.5 

1,253 

22 

70.6 

67.3 

190.0 

190.0 

152.0 

1,258 

190.0 

190,0 

152.0 

1,258 

23 

68.3 

65.4 

121.4 

121.4 

,119,6 

1,258 

121.4 

121.4 

119,6 

1,253 

66.1 

63 . 6 

104.2 

104.2 

'110.6 

^  ^  W  fa' 

104.2 

104.2 

110.6 

1,258 

ECO  IT-1 


Air  CDnsitioriino  Econosics 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  1 
e  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- BUILDING  COOLING  D  E  H  A  N  D  S  AND  THERMAL  STORAGE 

Tuns 


Design 

Cooling 

Chiller 

Chiller 

Storane 

OADB 

DAHB 

Load 

Load 

Desand 

CaDBCity 

Hour 

(F) 

(F! 

(Ton) 

(Ton) 

(k») 

(Ton-Hr) 

s 

68.7 

65.1 

0.0 

0.0 

0.0 

3.300 

2 

67.8 

64.4 

0.0 

0.0 

0.0 

3.300 

3 

67.0 

6v^ .  5 

0.0 

0.0 

0.0 

3.300 

4 

66.4 

62.7 

0.0 

0.0 

0.0 

3,300 

5 

66.3 

62.7 

0.0 

0.0 

0.0 

3,300 

h 

66.6 

63.7 

0.0 

0.0 

0.0 

3,300 

7 

67.6 

64.5 

0,0 

0.0 

0.0 

3,300 

8 

69.3 

65.1 

0.0 

0.0 

0.0 

3,300 

? 

71.8 

66.0 

65.3 

65.3 

74;9 

3.300 

10 

74.6 

67.6 

109.2 

109.2 

96,3 

3,300 

11 

77.8 

69.8 

241.6 

241.8 

171,7 

3.300 

12 

80.9 

71.9 

384.5 

384.5 

277.1 

3,300 

13 

33.2 

73.5 

353.7 

353.7 

256.3 

3.300 

14 

84.7 

74,4 

435.0 

435.0 

326.  B 

V-,  ^?vv 

15 

85.3 

74.6 

542.1 

500.0 

3BS.1 

3,256 

16 

84.7 

74.5 

682.4 

500.0 

387.6 

3,076 

17 

B3.4 

73.5 

806.8 

500,0 

384.5 

2,769 

18 

81.3 

71.5 

768.0 

500.0 

378.2 

2.501 

19 

78.8 

70.1 

652.3 

500.0 

^7^  0 

2,348 

20 

76.3 

70.0 

591.1 

500.0 

373.6 

2,257 

21 

74.2 

69,5 

546.4 

500.0 

372.1 

2,211 

22 

72.3 

68,7 

422.4 

422.4 

300.5 

2,211 

23 

70.8 

67.1 

246.2 

246.2 

169.1 

2,211 

24 

69.7 

65.8 

170,5 

170.5 

124.6 

Ll- 

-  weesudY  - 

WUI  U  w  t 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chi  1 1 5’^ 

Storage 

OADB 

OA»B 

Load 

Lead 

Desand 

Capacity 

Load 

Load 

Capacity 

Hour 

(F) 

(F! 

(Ton! 

(Ten) 

im 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

1 

67.6 

65.3 

0.0 

375,0 

349.  S 

2,584 

0.0 

375.0 

349.  S 

2,989 

2 

66.0 

63.9 

0.0 

375.0 

345,7 

2.957 

0.0 

^1  j » 0 

277.5 

3,300 

3 

64.6 

62.4 

0.0 

345.3 

307.8 

3,300 

0.0 

0.0 

0.0 

3,300 

i 

63.7 

61.3 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

5 

63.0 

60.8 

0.0 

0.0 

'  0.0 

3,300 

0.0 

0 . 0 

0.0 

3,300 

6 

62.8 

61.2 

0.0 

0.0 

0.0 

3,300 

0.0 

0 , 0 

0.0 

3,300 

7 

63.4 

61.7 

0.0 

0,0 

0,0 

3,300 

0.0 

0.0 

0.0 

3,300 

8 

65.1 

62.3 

0,0 

0 , 0 

0 , 0 

■  Ci-OU 

0 . 0 

0 . 0 

0.0 

7  7AA 

c 

67.6 

W  W*  •  V ' 

220.  S 

220 . 3 

147.6 

•7  ?A  ■ 

J vv 

220.8 

220.0 

147.6 

7  7AA 

10 

70.7 

65.2 

2S6.9 

236 , 9 

191.1 

3,300 

286,9 

28 6. 9 

191.2 

7  700 

M 

74 . 0 

67.5 

432.3 

l'*’-,  -7 

305.3 

3,300 

432 . 3 

i77 

7 A',  5 

3  3-00 

12 

77,1 

69.3 

557.6 

500.0 

373.0 

7  7*7 

557,6 

500.0 

777  A 

3,242 

Trfine  Air  Conditionir»g  Econosics 
By:  C.D.S.  HARKET1H6 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  1 
B  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 


Neekday 


Typ: 

ical 

Cooling 

Chiller 

Chiller 

OADE 

DANE 

Load 

Load 

Deiand 

Hour 

iF) 

(F) 

(Toni 

(Ton) 

fkW) 

14 

81.3 

72,7 

534.2 

500.0 

382. 0 

15 

B!,8 

72.8 

561,4 

500.0 

392.3 

16 

81,6 

73.1 

609.6 

500.0 

383.3 

1? 

81.0 

72.7 

673.8 

500,0 

382.0 

18 

80.0 

71.6 

665.1 

500,0 

378.5 

19 

78.7 

71.3 

542.0 

500.0 

377.6 

20 

77.1 

72.0 

496.4 

496.4 

376.3 

21 

75.3 

71.8 

44S.1 

448.1 

331.1 

22 

73.3 

71.0 

338.5 

338.5 

239.0 

23 

71.3 

68. 9 

227.4 

227.4 

161.4 

24 

69.4 

66.8 

158.1 

158.1 

119.6 

Sunday 


Typical 

Cooling 

Chiller 

Chiller 

OADE 

OANB 

Load 

Load 

Desand 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

m) 

1 

67.6 

65.3 

0.0 

375.0 

349. S 

2 

66.0 

63.9 

0.0 

313 . 3 

277.5 

3 

64.6 

62,4 

0.0 

0 . 0 

0.0 

4 

63.7 

61.3 

0.0 

0.0 

0.0 

5 

63.0 

60.8 

0.0 

0.0 

0.0 

6 

62.8 

61.2 

0.0 

0.0 

0.0 

7 

63.4 

61.7 

0.0 

0.0 

0.0 

8 

65.1 

62.3 

0.0 

0.0 

0.0 

9 

67.6 

63.3 

220.8 

220.8 

147.6 

10 

70.7 

65.2 

286.9 

286.9 

191.2 

11 

74.0 

67.5 

432.3 

432.3 

305.8 

12 

77.1 

69.8 

557.6 

500.0 

373.0 

13 

79.6 

71.6 

535.2 

500.0 

378.5 

14 

91.3 

72.7 

534.2 

500.0 

382.0 

15 

81.8 

72.8 

561.4 

500.0 

382.3 

16 

81.6 

73.1 

609.6 

500.0 

383.3 

17 

81.0 

72.7 

678.8 

500.0 

382.0 

18 

80.0 

71.6 

665.1 

500.0 

378.5 

19 

78.7 

71.3 

542.0 

500.0 

377,6 

20 

77.1 

72.0 

496.4 

496.4 

376.3 

21 

75.3 

71.8 

448.1 

448.1 

331.1 

22 

73.3 

71.0 

338.5 

338.5 

239.0 

23 

71.3 

68.9 

227.4 

227,4 

.161.4 

24 

69.4 

66.8 

158.1 

158.1 

119.6 

Saturday 


Storace 

Cooling 

Chiller 

Phi  1 1 er 

Storace 

Capacity 

Load 

Load 

Dei and 

CdDecity 

‘Ton-Hr) 

(Ton! 

(Ton! 

(kW) 

(TDr?-Hr) 

3,173 

534.2 

500.0 

382 . 0 

3,173 

3.112 

561,4 

500.0 

382.3 

3,112 

3,002 

609.6 

500.0 

3S3,3 

3,002 

2,823 

678.8 

500.0 

382.0 

2,823 

2,658 

665.1 

500.0 

37B.5 

2,658 

2,616 

542.0 

500.0 

377.6 

2,616 

2,616 

496.4 

496.4 

376.3 

2,616 

2,616 

448.1 

448.1 

331.1 

2,616 

2,616 

33B.5 

338.5 

239.0 

2,616 

2.616 

227.4 

227.4 

161.4 

2,616 

2,616 

158.1 

158.1 

^  u 

119.6 

2,616 

-  nviiuaj 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

Capacity 

Load 

Load 

Deeand 

Capacity 

(TcrrHr) 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

/ .  9R9 

0.0 

37  5 . 0 

349.8 

n  Qsc 

3,300 

0.0 

313.3 

277.5 

3 , 300 

3,300 

0.0 

0.0 

0,0 

3,300 

3,300 

0.0 

0.0 

0.0 

3,300 

3,300 

0.0 

0.0 

0.0 

3,300 

3,300 

0.0 

0.0 

0.0 

3,300 

3,300 

0.0 

0.0 

0.0 

3,300 

3,300 

0.0 

0.0 

0.0 

3,300 

3,300 

220.8 

220.8 

147.6 

3,300 

3,300 

2B6.9 

286.9 

191.2 

3,300 

3,300 

432.3 

432.3 

305,8 

3,300 

3,242 

557.6 

500.0 

373.0 

3,242 

535.2 

500.0 

373.5 

3,207 

3,173 

534.2 

500.0 

382. 0 

3,173 

3,112 

561.4 

500.0 

382.3 

3,112 

3,002 

609.6 

500.0 

3B3.3 

3,002 

2,823 

678.8 

500.0 

382.0 

2,823 

2,658 

665.1 

500.0 

378.5 

2,658 

2,616 

542.0 

500.0 

377.6 

2,616 

2,616 

496.4 

496.4 

376.3 

2,616 

2,616 

448.1 

448.1 

331.1 

2,616 

2,616 

33B.5 

338.5 

239.0 

2,616 

?/ 

4.  ,  <.•  J.  V.- 

227.4 

227.4 

161.4 

2,616 

2,616 

158.1 

158.1 

119.6 

2,616 

Trane  Air  Conditioning  Econoiics 
Byi  C.D.S.  HARKETINS  * 


V  600 
PAGE 


0 


COLD  THERMAL  STORAGE  -  ALTERNATIVE  i 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS-  AND  THERMAL  STORAGE 


July 


Design 


Des 

ign 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DAK3 

Load 

Load 

Defiand 

Capacity 

mr 

IF) 

(FI 

(Ton) 

(Ton) 

(kX) 

(Ton-HrJ 

1 

73.4 

68.8 

0,0 

375.0 

360.5 

2,909 

2 

72.3 

67.9 

0.0 

313.3 

287.8 

3,300 

3 

71.4 

67.2 

0.0 

0.0 

0.0 

3,300 

70,7 

67.0 

0.0 

0.0 

0.0 

3,300 

5 

70.5 

66.9 

0.0 

0.0 

0.0 

3,300 

6 

71,0 

67,4 

0.0 

0.0 

0,0 

3,300 

7 

72.1 

68.4 

0.0 

0.0 

0.0 

3,300 

B 

74.1 

69.3 

1.4 

0.0 

0.0 

3,300 

Q 

77.0 

70.1 

420.6 

420.6 

302.6 

3,300 

10 

80.4 

71.4 

494.4 

494.4 

372.6 

3,300 

11 

84.2 

73.3 

672.3 

500.0 

383. 9 

3,128 

12 

87. S 

75.5 

775.6 

500.0 

391.0 

2,852 

13 

90.5 

76.5 

733.0 

500.0 

394.4 

2,619 

H 

92.3 

76.8 

763,3 

500.0 

395.4 

2,356 

15 

93.0 

77.0 

805.4 

500.0 

396,0 

2,050 

16 

92.3 

76.7 

891.8 

500.0 

395.0 

1,659 

17 

90.8 

75.3 

889.6 

500.0 

390.4 

1,269 

18 

88.3 

74.2 

860,2 

500.0 

386.9 

909 

19 

85. 4 

72.9 

714.1 

500.0 

382.6 

695 

20 

82.4 

73.4 

680.5 

500.0 

384.2 

514 

21 

80.0 

73.0 

641.2 

500.0 

382.9 

373 

22 

77.7 

72.3 

559.5 

500.0 

380.7 

314 

23 

75.9 

70.6 

426.3 

426.3 

308.8 

314 

24 

74.6 

69.4 

280.2 

280.2 

194.9 

314 

u,. 

J... _ 

r  J.  ^ 

fftrtrF.ua  y 

-  Saturday  — 

Typical 

Ccoling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chillsr 

Storage 

OADB 

OANB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Desand 

Capacity 

lur 

(F) 

(F) 

(Ton) 

(Ton! 

(k«) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

1 

74.3 

71.0 

0.0 

375.0 

367.5 

688 

0.0 

375.0 

367.5 

1,835 

2 

71.9 

68.8 

0.0 

375.0 

360.5 

1,063 

0.0 

375.0 

360.5 

2,208 

3 

69.9 

67.0 

0.0 

375.0 

354.9 

1,437 

0.0 

375.0 

354.9 

2,582 

4 

68.3 

65.9 

0.0 

375.0 

351.6 

1,811 

0.0 

375.0 

351.6 

2,955 

5 

67.4 

65.2 

0.0 

375.0 

349.5 

9  IRA 

0.0 

347.8 

318.1 

3,300 

6 

67.0 

64.9 

0.0 

375.0 

348.6 

2,550 

0.0 

0.0 

0.0 

3,300 

7 

67.5 

65.3 

0.0 

375.0 

349.  S 

2,931 

0.0 

0.0 

0.0 

3,300 

g 

69.8 

65.6 

0.0 

371.8 

346.9 

3,300 

0 . 0 

0.0 

0.0 

3 , 300 

9 

70.9 

65.7 

248.7 

24B.7 

167.9 

3,300 

248.7 

248.7 

167.9 

3,300 

10 

73.6 

305.3 

305.3 

205.9 

3,300 

305.3 

305.3 

205.9 

3,300 

11 

76.7 

67.9 

454.0 

454.0 

325.6 

3,300 

454.0 

454.0 

3,300 

12 

79.9 

69.9 

581.5 

500.0 

373.3 

3,218 

531.5 

500.0 

373.3 

3,218 

13 

83.0 

71.3 

563.2 

500.0 

377.6 

3,155 

563.2 

500.0 

377 .  A 

3,155 

Trane  Air  Conditioninc  EconcsiCE 
By:  C.D.S.  HARKETIHE  ^ 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  1 
8  HOUR  ICE  BUlLDj  16  HOUR  CHILLER  RUN 


Weekday -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chillei^ 

Chi  1 1 »r 

Storage 

DADB 

OAWB 

Load 

Load 

Desand 

Capacity 

Lead 

Load 

Deiand 

Capacity 

Hour 

!F) 

(Ft 

(Ton! 

(Ton! 

(kW! 

(Ton-Hr) 

(Ton) 

(Ton) 

(kW) 

!Ton-Hr! 

14 

85. 7 

72.5 

597.7 

500.0 

381.4 

3,058 

597.7 

500.0 

381.4 

3,056 

15 

B7.S 

73.9 

654.3 

500.0 

395.  S 

2,903 

654.3 

500.0 

385.9 

2,903 

16 

89.1 

75.3 

737.3 

500 . 0 

390.4 

2,666 

737.3 

500.0 

390.4 

2,666 

17 

89.5 

75.5 

810.6 

500.0 

391.0 

2,355 

810.6 

500.0 

391.0 

2,355 

IB 

89.2 

76.2 

803,8 

500. 0 

393.4 

2.052 

803.8 

500.0 

393.4 

2,052 

19 

89,3 

76.7 

700.3 

500.0 

395.0 

1,851 

700.3 

500.0 

395.0 

1,851 

20 

86.7 

78.6 

684.0 

500.0 

401.4 

1,667 

684.0 

500.0 

401.4 

1,667 

21 

84.7 

78.8 

656.5 

500.0 

402.1 

1,511 

656.5 

500.0 

402.1 

1,511 

22 

B2.3 

78. 0 

549.7 

500.0 

399.4 

1,461 

549.7 

500.0 

399.4 

1,461 

23 

79.6 

75.4 

419.7 

419.7 

316.0 

1,461 

419.7 

419.7 

316.0 

1,461 

24 

76.9 

73.0 

325.9 

325.9 

234.2 

1,461 

325.9 

325,9 

234.2 

1,461 

-  Sunday  - 

nui«u c  r 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWE 

Load 

Lead 

Desand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

(Ton) 

(Ton! 

(kB! 

(TorrHr) 

1 

74.3 

71.0 

0 . 0 

375.0 

367.5 

1.835 

0.0 

375.0 

3i7.5 

1,835 

71.9 

68.  S 

0.0 

375.0 

360.5 

2 , 208 

0.0 

375.0 

360.5 

2,203 

3 

69.9 

67.0 

0.0 

375,0 

354.9 

2.582 

0,0 

375.0 

354.9 

2,582 

4 

68.3 

65.9 

0.0 

375.0 

351.6 

2^955 

0.0 

375.0 

351.6 

2  955 

5 

67.4 

65.2 

0.0 

347.8 

313.1 

3,300 

0.0 

347.8 

313.1 

3,300 

6 

67.0 

64.9 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

j 

67.5 

65.3 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

8 

68.8 

65.6 

0,0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

9 

70.9 

65.7 

24B.7 

248.7 

167.9 

3,300 

248.7 

24B.7 

167.9 

3,300 

10 

73.6 

66.5 

305.3 

305.3 

205.9 

3,300 

305.3 

305.3 

205,9 

3,300 

11 

76.7 

67.9 

454,0 

454.0 

325.6 

3,300 

454.0 

454.0 

325.6 

3,300 

12 

79.9 

69.9 

581.5 

500.0 

373.3 

3,218 

581,5 

500.0 

3,218 

13 

83.0 

71.3 

563.2 

500.0 

377,6 

3.155 

563,2 

500.0 

377.6 

3,155 

14 

85.7 

72.5 

597.7 

500.0 

3S1.4 

3,058 

597.7 

500.0 

381.4 

3,058 

15 

87.8 

73.9 

654.3 

500.0 

385.8 

2,903 

654.3 

500.0 

3B5.8 

2,903 

16 

89.1 

75.3 

737.3 

500.0 

390.4 

2,666 

737.3 

500.0 

390.4 

2,666 

17 

89.5 

75.5 

810.6 

500,0 

391.0 

2,355 

810.6 

500.0 

391.0 

2,355 

18 

89.2 

76.2 

803.6 

500.0 

393.4 

2,052 

803.8 

500.0 

393.4 

2,052 

19 

88.3 

76.7 

700.3 

500.0 

395.0 

1,851 

700.3 

500,0 

395.0 

1,851 

20 

86.7 

78,6 

684.0 

500.0 

401.4 

1,667 

684,0 

500.0 

401.4 

1,66? 

21 

84.7 

7S.e 

656.5 

500.0 

402.1 

1,511 

656.5 

500.0 

402.1 

1,511 

22 

B2.3 

78.0 

549.7 

500.0 

399.4 

i,461 

549.7 

500.0 

399.4 

1,461 

23 

79.6 

75.4 

419.7 

419.7 

316.0 

1,461 

419.7 

419.7 

316.0 

1,461 

24 

76.9 

73.0 

325.9 

325.9 

'234.2 

1,461 

325.9 

325.9 

234.2 

1,461 

Trane  Air  Conditioning  Econotici 
By:  C.D.S,  HARKETIN6 
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PA6E 


COLD  THERMAL  STORABE  -  ALTERNATIVE  1 
B  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

BUILDING  COOLING  DEHANDS  AND  THERHAL  STORAGE 


August 


Design 


Design 

Cooling 

Chiller 

Chiller 

OADB 

DAHB 

Load 

Load 

Detand 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kNl 

1 

70.5 

64,5 

0.0 

375.0 

347.4 

2 

69.5 

63.5 

o.b 

375,0 

344.6 

3 

68.7 

63.0 

0.0 

375.0 

343.1 

4 

68.1 

62.4 

0.0 

375.0 

341.4 

5 

67.9 

62.6 

0.0 

347.  B 

311,1 

6 

68.3 

63.2 

0.0 

0.0 

0.0 

7 

69.3 

64.1 

0.0 

0.0 

0.0 

8 

71.1 

64.9 

0.0 

0.0 

e.o 

9 

73.7 

66.1 

328.4 

328.4 

221.3 

10 

76.8 

67.2 

406.9 

406.9 

283.9 

11 

80.2 

68.9 

583.6 

500.0 

370.3 

12 

83.4 

70.6 

495.3 

500.0 

375.4 

13 

85.  S 

71.5 

664.3 

500.0 

378.2 

14 

87.5 

72.5 

698.6 

500.0 

381,4 

15 

88.1 

72.7 

727.3 

500.0 

382.0 

16 

87.5 

71.7 

794.2 

500.0 

378.8 

17 

86.0 

70.6 

806.4 

500.0 

375.4 

18 

83.8 

69.7 

758.7 

500.0 

372.7 

19 

81.2 

68.5 

598.2 

500.0 

369.1 

20 

78.6 

68.7 

545.2 

500.0 

369.7 

21 

76.4 

68.8 

454.4 

454.4 

328.4 

22 

74.3 

67.6 

321.1 

321.1 

219.1 

V  23 

72.7 

66.4 

220.8 

220.8 

153.1 

^  24 

71.5 

65.3 

194.9 

194.9  136.8 

Typical 

Cooling 

Chiller 

Chiller 

OADB 

OAHB 

Load 

Load 

Deisand 

Hour 

(F) 

(Fj 

(Ton) 

(Ton) 

(kN) 

1 

70.1 

65.3 

0.0 

375.0 

349,8 

2 

68.2 

63.5 

0.0 

375.0 

344.6 

3 

66.6 

62.2 

0.0 

375.0 

340.9 

4 

65.4 

61.1 

0.0 

375.0 

337.9 

5 

64.6 

60.7 

0.0 

375.0 

.  336 . 8 

6 

64.4 

60.7 

0.0 

0.0 

0.0 

7 

64.9 

61.2 

0.0 

0.0 

0,0 

8 

66.3 

61.6 

0.0 

0.0 

0 . 0 

9 

68. 5 

62.5 

178.1 

178.1 

7 

4.  A  w'  »  ^ 

10 

71.4 

63.6 

250 . 5 

250.5 

165.5 

11 

74.5 

65.1 

396.0 

396.0 

270.1 

12 

77.6 

66.8 

504.8 

500.0 

364.1 

13 

80.5 

68. 2 

495.1 

495.1 

363 . 6 

Storage 

Capacity 

(Ton-Hr) 

1,835 
2,208 
2,582 
2,955 

3,300 

3,300 

3,300 

3,300 

3,300 

3,300 
3,216 
3,021 
2,857 
2,658 
2,431 
2,137 
1,830 
1,572 
1,473 

1,428 

1,428 

1,428 

1,428 

1,428 


Saturday 


Storage 

Ceding 

Chiller 

Chiller 

Storage 

Capacity 

Lead 

Load 

Deeand 

Capacity 

(Ton^Hr) 

(Ten) 

(Ton) 

(kN) 

(Ton-Hr) 

1,802 

0.0 

375.0 

349.8 

3,159 

2,175 

0.0 

143.8 

131,4 

3,300 

2,549 

0.0 

0.0 

0.0 

3,300 

2,922 

0.0 

0.0 

0.0 

3,300 

3^294 

0.0 

0.0 

0.0 

3,300 

3,300 

0.0 

0.0 

0.0 

3,300 

3,300 

0.0 

0.0 

0.0 

3,300 

0.0 

0,0 

0.0 

3,300 

3,300 

178.0 

17B.0 

1  9"^  7 

3,300 

3,300 

250.6 

250.6 

165.5 

3,300 

3,300 

396.0 

396.0 

270.1 

3,300 

*=:  ?Qs 

«.• 

504.8 

500.0 

364 . 1 

3,295 

90  S 

495.1 

495.1 

363.6 

3,295 

Trane  Air  Conditioning  Econoiic 
By;  C.B.S.  WARKETINB 
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•COLD  THERMAL  STORAGE  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 


Weekday -  - Saturday  - 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Detand 

Capacity 

Load 

Load 

De*and 

Capacity 

Hour 

iF) 

(F) 

(Ton! 

(Ton) 

(k«) 

(Ton-Hr) 

(Tor) 

(Ton) 

(ktl) 

(Ton-Hr) 

14 

82.7 

69.7 

525.9 

500.0 

372.7 

3,269 

525.9 

500.0 

372.7 

3,269 

15 

84.2 

70.7 

5i2.3 

500.0 

375.7 

3,207 

562.3 

500.0 

375.7 

3,207 

16 

B4.6 

70.5 

612.6 

500.0 

375.1 

3,094 

612.6 

500.0 

375.1 

3,094 

17 

84.4 

70.4 

668.2 

500.0 

374.8 

2,926 

668.2 

500.0 

374.8 

2,926 

IB 

83.6 

70.7 

640.3 

500,0 

375.7 

2,786 

640.3 

500.0 

375.7 

2,786 

19 

82.4 

70.7 

496.1 

496.1 

372.0 

2,786 

496.1 

496.1 

372.0 

2,786 

20 

B0.8 

71.9 

476.3 

476.3 

357.1 

2,786 

476.3 

476.3 

357.1 

2,786 

21 

76.9 

72.4 

433.7 

433.7 

320.1 

2.786 

433.7 

433.7 

320.1 

2,786 

22 

76.8 

71.1 

330.5 

330.5 

233.2 

2,786 

330.5 

330.5 

233.2 

2,786 

23 

74.5 

69.3 

243.3 

243.3 

171.6 

2,786 

243.3 

243.3 

171.6 

2,786 

24 

72.2 

67.2 

198.3 

198.3 

141.7 

2,786 

198.3 

198.3 

141.7 

2,786 

- Sunday  — 

Typ 

ical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWS 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Detand 

Capacity 

Hour 

(F) 

(F! 

iTon) 

(Ton) 

{k«) 

(Ton-Hr) 

(Tor) 

(Ton) 

(k»] 

(Ton-Hr) 

j 

?0.i 

65.3 

0.0 

375.0 

349.  S 

3,159 

0.0 

375.0 

349.8 

3,159 

2 

6B.2 

63.5 

0.0 

143. e 

131.4 

3,300 

0.0 

143.8 

131.4 

3,300 

3 

66.6 

62.2 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

4 

65.4 

61,1 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

5 

64.6 

60.7 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

6 

64.4 

60.7 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

7 

64.9 

61.2 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

8 

66.3 

61.6 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

9 

6S.5 

62.5 

178.0 

178.0 

123.7 

3 , 300 

178.0 

178.0 

123.7 

3,300 

10 

71.4 

63.6 

250.6 

250.6 

165.5 

3,300 

250.6 

250.6 

165.5 

3,300 

11 

74.5 

65.1 

396.0 

396.0 

270.1 

3,300 

396.0 

396.0 

270.1 

3,300 

12 

77.6 

66.8 

504.8 

500.0 

364.1 

3,295 

504.8 

500.0 

364.1 

3,295 

13 

80.5 

68.2 

495.1 

495.1 

363;  6 

3,295 

495.1 

495.1 

363.6 

3,295 

14 

S2.7 

69.7 

525.9 

500.0 

372.7 

3,269 

525.9 

500.0 

372.7 

3,269 

15 

84.2 

70.7 

562.3 

500.0 

375.7 

3,207 

562.3 

500.0 

375.7 

3,207 

16 

84.6 

70.5 

612,6 

500.0 

375.1 

3,094 

612.6 

500.0 

375.1 

3,094 

17 

84.4 

70.4 

668.2 

500.0 

374.8 

2,926 

668.2 

500.0 

374.8 

2,926 

18 

B3.6 

70.7 

640.3 

500.0 

375.7 

2,786 

640.3 

500.0 

375.7 

2,786 

19 

82.4 

70.7 

496.1 

496.1 

372.0 

2,796 

496.1 

496.1 

372.0 

2,796 

20 

80.8 

71.9 

476.3 

476.3 

357.1 

2,786 

476.3 

476.3 

357,1 

2,786 

21 

78.9 

72.4 

433.7 

433.7 

320.1 

2,786 

433.7 

433.7 

320.1 

2,786 

22 

76.8 

71.1 

330.5 

330.5 

233.2 

2,786 

330.5 

330.5 

233.2 

2,786 

23 

74.5 

69.3 

243.3 

243.3 

171.6 

2,786 

243.3 

243.3 

171.6 

2,786 

24 

72.2 

67.2 

198.3 

198.3 

141.7 

2,786 

198. 3 

198.3 

141.7 

2,786 

Trane  Air  Conditioning  Econoiics 
By:  C.D.S.  HARKETINS 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEHANDS  AND  THERHAL  STORAGE 

Septetber 


Design 


Des 

ign 

Cooling 

Chiller 

Chiller 

Storage 

DADB 

OAWB 

Load 

Load 

Detand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton! 

(k«) 

(Ton-Hr) 

1 

64.3 

60.7 

0.0 

375.0 

336.8 

3,159 

2 

63.3 

59.8 

0.0 

143.3 

125.9 

3,300 

3 

62.4 

59.2 

0.0 

0.0 

0.0 

3,300 

4 

61.8 

58.5 

0.0 

0.0 

0.0 

3,300 

5 

61.6 

58.3 

0.0 

0.0 

0.0 

3,300 

h 

62.0 

58.7 

0.0 

0.0 

0.0 

3,300 

1 

63.1 

59.8 

0.0 

0.0 

0.0 

3,300 

8 

64.9 

61.3 

0.0 

0.0 

0.0 

3,300 

9 

67.5 

62.3 

207.6 

207.6 

138.7 

3,300 

10 

70.6 

63.4 

305.6 

305.6 

200.3 

3,300 

11 

74.0 

65.1 

491.7 

491.7 

351.8 

3,300 

12 

77.3 

66.6 

611.3 

500.0 

363.6 

3,18? 

13 

79.7 

68.1 

579.7 

500.0 

347.? 

3,10? 

14 

81.3 

68.9 

596.3 

500.0 

370 . 3 

3,013 

15 

81.9 

69.3 

623.8 

500.0 

371.5 

2,889 

Ih 

81.3 

68.8 

684.1 

500.0 

370.0 

2,705 

17 

79.9 

68.2 

694.6 

500.0 

368.2 

2,510 

18 

77.7 

67.0 

653.5 

500.0 

364.7 

2,357 

1? 

75.0 

66.9 

506.2 

500.0 

364.4 

2,351 

20 

72.4 

66.6 

369.5 

369.5 

252.8 

2,351 

21 

70.2 

65.3 

283.2 

283.2 

188.9 

2,351 

22 

68.1 

63.7 

169.8 

169.8 

121.2 

2.351 

23 

66.5 

62.5 

112.6 

112.6 

92.2 

2,351 

24 

65.3 

61.6 

96.5 

96.5 

34.1 

_  L  -j _ 

2,351 

— — — 

Typicel 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OAOB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Deaand 

Capacity 

Hour 

(FI 

(F! 

(Ton) 

(Ton! 

(tN! 

(Ton-Hr) 

(Ton) 

(Ton! 

(Ton-Hr) 

1 

63.9 

61.5 

0.0 

375.0 

339.0 

2,724 

0.0 

68.0 

81.1 

3,300 

2 

62.0 

59.7 

0.0 

375.0 

334.1 

3,096 

0.0 

0.0 

0.0 

3,300 

3 

60.4 

58.4 

0.0 

206.0 

170.2 

3,300 

0.0 

0.0 

0.0 

3,300 

4 

59.2 

57.1 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

5 

58.4 

56.3 

0.0 

0.0 

G.O 

3,300 

0.0 

0,0 

0.0 

3,300 

6 

58.2 

56.1 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

7 

58.7 

56.7 

0.0 

0.0 

0.0 

3,300 

e.o 

0.0 

0.0 

3,300 

8 

60.1 

57.9 

O.G 

0.0 

0.0 

^  'TAi'i 

w,  vv  v 

0.0 

0.0 

0.0 

3,300 

9 

62.4 

58.6 

79.2 

79.2 

75.2 

V  ,  V- 

79.2 

79.2 

75.2 

3,300 

10 

65.2 

59.6 

142.2 

142.2 

102.8 

3*300 

142.9 

142.9 

103.1 

3,300 

11 

63.3 

61.1 

275.3 

275.3 

176.5 

3 . 300 

275.3 

*^75.3 

176.5 

^,AA 

v  ,  V.'  »-  V 

12 

71.5 

62.7 

415.0 

415.0 

279 . 9 

3’,300 

415.0 

415,0 

279.9 

3^300 

13 

74.3 

64.6 

413.9 

413.9 

283.4 

3,300 

414.3 

414.3 

283.7 

3,300 

Trane  Air  Conditioning  Econoiics 
By:  C.D.S.  HARKETINS 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 


Weekday -  - Saturday  — 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

QANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Detand 

Capacity 

Hour 

{Fj 

(F! 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

14 

76.6 

66.0 

456.6 

456.6 

322.9 

3,300 

456.6 

456.6 

322.8 

3,300 

15 

78.0 

67.1 

465.5 

465.5 

333.6 

3,300 

465.5 

465.5 

333.6 

3,300 

16 

7B.5 

67.5 

514.5 

500.0 

366.2 

3,285 

514.5 

500.0 

366.2 

3,285 

17 

78.2 

67.9 

550.9 

500.0 

367.3 

3,235 

550.9 

500.0 

367.3 

3,235 

IS 

77.5 

68. 0 

499.0 

499.0 

366.7 

^  0  k* 

499.0 

499.0 

366.7 

3  23'' 

v'  ,  4.  k’  V.' 

19 

76.3 

69.3 

379.7 

379.7 

267.0 

0  ,  i.  b^  .  J 

379.7 

379.7 

267.0 

3,235 

20 

74.7 

70.0 

34S.0 

348,0 

2M.0 

3,235 

349.0 

348.0 

244.0 

3,235 

21 

72.7 

69.0 

290.0 

290.0 

200.3 

3,235 

290.0 

290.0 

200.3 

3,235 

no 

70.6 

67.3 

190.0 

190.0 

137.3 

3,235 

190.0 

190.0 

137.3 

3,235 

23 

68.3 

65.4 

121.4 

121.4 

99.6 

3,235 

121.4 

121.4 

99.6 

3,235 

24 

66.1 

63.6 

104.2 

104.2 

89.6 

3,235 

104.2 

104.2 

89.6 

3,235 

Sunday  - -  - Honday  — ' 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chi lie- 

Storage 

OADB 

GAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Deeand 

Capacity 

Hour 

(F! 

(F) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

(Ton) 

(Toni 

(kN) 

(Ton-Hr) 

1 

63.9 

61.5 

0.0 

63.0 

Bi.l 

3,3(f0 

0.0 

6S,0 

81. 1 

3,300 

2 

62.0 

59.7 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

3 

60.4 

58.4 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

4 

59.2 

57.1 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

5 

58.4 

56.3 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

6 

58.2 

56.1 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,3(K) 

7 

58.7 

56.7 

0.0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

8 

60.1 

57.9 

0,0 

0.0 

0.0 

3,300 

0.0 

0.0 

0.0 

3,300 

-  9 

62.4 

58.6 

79.2 

79.2 

75.2 

3,300 

79.2 

79.2 

75.2 

3,300 

r.  10 

65.2 

59.6 

142.9 

142.9 

103.1 

3,300 

142.9 

142.9 

103.1 

3,300 

11 

68.3 

61.1 

275.3 

275.3 

176.5 

3,300 

275.3 

275.3 

176.5 

3,300 

12 

71.5 

62.7 

415.0 

415.0 

279.9 

3,300 

415.0 

415.0 

279.9 

3,300 

13 

74.3 

64.6 

414.3 

414.3 

283.7 

3,300 

414.3 

414.3 

283.7 

3,300 

14 

76.6 

66.0 

456.6 

456.6 

322.8 

3,300 

456.6 

456.6 

322.8 

3,300 

15 

78.0 

67,1 

465.5 

465.5 

333.6 

3,300 

465.5 

465.5 

333.6 

3,300 

16 

78.5 

67.5 

514.5 

500.0 

366.2 

3,285 

514.5 

500.0 

366.2 

3,285 

17 

78.2 

67,9 

550.9 

500,0 

367.3 

3,235 

550.9 

500.0 

367.3 

3,235 

18 

77.5 

68.0 

499.0 

499.0 

366,7 

3,235 

499.0 

499.0 

366,7 

3,235 

19 

76.3 

69.3 

379.7 

379.7 

267.0 

b'  ,  j  5 

379.7 

379.7 

267.0 

3,235 

20 

74.7 

70.0 

348.0 

348.0 

244.0 

3,235 

348.0 

348.0 

244.0 

3,235 

21 

72.7 

69.0 

290.0 

290.0 

200.3 

3,235 

290.0 

290.0 

2(J0.3 

3,235 

22 

70.6 

67,3 

190.0 

190.0 

137.3 

nT= 

b-  ,*.b-b‘ 

190.0 

190.0 

137.3 

3,235 

23 

68.3 

65.4 

121.4 

121.4 

'99.6 

3,235 

121.4 

121.4 

99.6 

3,235 

24 

66.1 

63.6 

104.2 

104.2 

89.6 

O  ,  ^  b^  b- 

104.2 

104.2 

39.6 

3,235 

ECO  IT-2 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
ii  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- BUILDING  COOLING  D  E  H  A  N  D  S  AND  T  H  E  R  H  A  L  STORAGE 

June 


Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deaand 

Capacity 

4our 

(F) 

(F) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

i 

68.7 

65.1 

0.0 

0,0 

0.0 

4,000 

2 

67,8 

64.4 

0.0 

0.0 

0,0 

4,000 

3 

67.0 

63.5 

0.0 

0.0 

0.0 

4,000 

4 

66,4 

62.7 

0.0 

0.0 

0.0 

4,000 

5 

66,3 

62.7 

0.0 

0.0 

0.0 

4,000 

6 

66.6 

63.7 

0,0 

0.0 

0.0 

4,000 

7 

67,6 

64.5 

0,0 

0.0 

0.0 

4,000 

’  G 

69.3 

65.1 

0.0 

0.0 

0,0 

4,000 

9 

71.8 

66.0 

0.0 

0,0 

0.0 

4,000 

10 

74.6 

67.6 

109.2 

109.2 

91.9 

4,000 

11 

77.8 

69,8 

241,8 

241.8 

169.6 

4,000 

12 

80.9 

71.9 

334.5 

384.5 

281,8 

4,000 

13 

83.2 

73.5 

353.7 

353.7 

259.3 

4,000 

14 

84,7 

74,4 

435.0 

435.0 

334 , 2 

4,000 

15 

85.3 

74.6 

542.1 

450.0 

349.3 

3,908 

16 

84.7 

74,5 

682.4 

450.0 

349.0 

3,676 

17 

83.4 

73.5 

806.8 

450.0 

346.1 

3,319 

18 

81.3 

71.5 

768.0 

450.0 

340.4 

3,001 

19 

7B.8 

70.1 

652.3 

450.0 

336.5 

2,798 

20 

76.3 

70.0 

591.1 

450,0 

336.2 

2,657 

21 

74.2 

69.5 

546.4 

450.0 

334.9 

2,561 

22 

72,3 

68.7 

422.4 

422.4 

307.4 

2,561 

23 

70.8 

67.1 

0.0 

345.0 

327.4 

2,904 

24 

69.7 

65.8 

0.0 

345,0 

323.8 

3,24? 

- - 

— -  SaturOuV 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(ktl) 

(Ton-Hr) 

(Ton) 

(Ten) 

(k») 

(Ton-Hr) 

1 

67.6 

65.3 

0.0 

345.0 

322 . 5 

3,589 

0.0 

345.0 

322.5 

3,897 

2 

66.0 

63.9 

0,0 

345,0 

318.7 

3,931 

0.0 

106.1 

103.7 

4,000 

3 

64.6 

62.4 

0.0 

72.0 

80.8 

4,000 

0.0 

0.0 

0.0 

4,000 

4 

63.7 

61.3 

0.0 

0.0 

0,0 

4,000 

0.0 

0.0 

0.0 

4,000 

5 

63.0 

60.8 

0.0 

0.0 

^  0,0 

4,000 

0.0 

0.0 

0.0 

4,000 

6 

62.8 

61,2 

0.0 

0,0 

0.0 

4,000 

0,0 

0.0 

0.0 

4,000 

-7 

1 

63.4 

61.7 

0.0 

0 . 0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

8 

65.1 

62.3 

0,0 

0.0 

0.0 

4,000 

0,0 

0.0 

0.0 

4.000 

9 

67.6 

63,3 

0.0 

0.0 

0 , 0 

4^000 

0.0 

0.0 

0.0 

4*000 

10 

70.7 

65,2 

286.9 

286.9 

191,4 

4,000 

286 , 9 

266.9 

191.5 

4 , 000 

11 

74.0 

67.5 

432,3 

432.3 

313.2 

4,000 

432.3 

432.3 

4,000 

12 

J  }  M  1 

69.8 

557.6 

450.0 

335 .  T 

3,892 

557.6 

4  50 , 0 

335.7 

13 

79.6 

71.6 

535 , 2 

450.0 

340.7 

3,80? 

535.2 

450.0 

340.7 

3,807 

Trane  Air  Conditionins  Econoiics 
By:  C.B.S,  HARHT1N6 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


Weekday -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWB 

Load 

Load 

Deftand 

Capacity 

Load 

Load 

Deaand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kW! 

(TcR'Hr) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

14 

81.3 

72.7 

534.2 

450.0 

343.  B 

3,723 

534.2 

450.0 

343.8 

3,723 

15 

81.8 

72.8 

561.4 

450.0 

344.1 

3,612 

561.4 

450.0 

344.1 

3,612 

[h 

Bi.6 

73.1 

609.6 

450.0 

344.9 

3,452 

609.6 

450.0 

344.9 

3,452 

17 

81.0 

72.7 

678.8 

450.0 

343.8 

3,223 

678.3 

450.0 

343.8 

3,223 

IB 

80.0 

71.6 

665.1 

450.0 

340.7 

3,008 

665.1 

450.0 

340.7 

3,008 

19 

78.7 

71,3 

542,0 

450.0 

339.8 

2,916 

542.0 

450.0 

339.8 

2,916 

20 

77.1 

72.0 

496.4 

450.0 

341.8 

2,870 

496.4 

450.0 

341.8 

2,870 

21 

75.3 

71.8 

448.1 

448.1 

339.4 

2,870 

448.1 

448.1 

339.4 

2,870 

22 

73.3 

71.0 

338. 5 

-•70  C 

.>00  .  J 

241.3 

2,870 

338.5 

338 . 5 

241.3 

2,870 

23 

71.3 

68.9 

0.0 

345.0 

332.5 

3,212 

0.0 

345.0 

332.5 

3,212 

24 

69.4 

66. B 

0.0 

345.0 

326.6 

3,555 

0.0 

345.0 

_ M, 

326.6 

3,55kt 

-  SURD ay  - 

Storage 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

OADB 

OAHB 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Deeand 

Capacity 

Hour 

(F) 

(F! 

(Ten) 

(Ten) 

(k«) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

I 

67.6 

65.3 

0.0 

345.0 

322.5 

3,897 

0.0 

345.0 

TH'-.  Z 

3,897 

2 

66,0 

63.9 

0.0 

106.  i 

103.7 

4,000 

0,0 

106.1 

103.7 

4,000 

3 

64.6 

62.4 

0.0 

0.0 

0,0 

4,000 

0.0 

0.0 

0.0 

4,000 

4 

63.7 

61.3 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

5 

63.0 

60,8 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

h 

62.8 

61.2 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

1 

63.4 

61,7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

8 

65.1 

62.3 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

9 

67.6 

63.3 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

10 

70.7 

65.2 

286.9 

286.9 

191.5 

4,000 

286.9 

286.9 

191.5 

4,000 

11 

74-0 

67.5 

432.3 

432.3 

313,2 

4,000 

432.3 

432.3 

313.2 

4,000 

12 

77.1 

69.8 

557.6 

450.0 

335.7 

3,892 

557.6 

450.0 

335.7 

3,892 

13 

79.6 

71.6 

535.2 

450.0 

340.7 

3.307 

535.2 

450.0 

340.7 

3,80? 

14 

81.3 

72.7 

534.2 

450.0 

3A3,B 

3,723 

534.2 

450.0 

343.8 

3,723 

15 

81.3 

72.8 

561.4 

450.0 

344.1 

3,612 

561.4 

450.0 

344.1 

3,612 

16 

81.6 

73.1 

609.6 

450.0 

344.9 

7  *cn 

609.6 

450.0 

344.9 

3,452 

17 

81.0 

72.7 

678.8 

450.0 

343,8 

3,223 

678.8 

450.0 

343.8 

3,223 

18 

BO.O 

71.6 

665.1 

450.0 

340.7 

3,008 

665.1 

450.0 

340.7 

3,008 

19 

78.7 

71.3 

542.0 

450.0 

339.8 

2,916 

542.0 

450.0 

339.8 

2,916 

20 

77.1 

72.0 

496.4 

450.0 

341.8 

2,870 

496.4 

450.0 

341.8 

2,870 

21 

75.3 

71.8 

448.1 

443.1 

339.4 

2,370 

448.1 

448.1 

339.4 

2,870 

22 

73.3 

71.0 

338.5 

336.5 

241.3 

2,870 

338.5 

338 , 5 

241.3 

2,870 

23 

71.3 

68.9 

0.0 

345.0 

^332.5 

3,212 

0.0 

345.0 

332.5 

3,212 

24 

69.4 

66.3 

0.0 

345.0 

326.6 

3,555 

0.0 

345.0 

326.6 

3,555 

Trane  Air  Conditioning  Econoiici 
By;  C.D,S.  HARKETINB  * 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUH 

- BUILCINB  COOLING  DEKANDB  AND  THERHAL  STORAGE 


July 


Design 


Design 

Ceding 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

1 

73.4 

68.8 

0,0 

345.0 

332.2 

3,897 

2 

72.3 

67.9 

0.0 

106.1 

108,7 

4,000 

3 

71.4 

67.2 

0.0 

0.0 

0.0 

4,000 

4 

70.7 

67.0 

0.0 

0.0 

0.0 

4,000 

5 

70.5 

66.9 

0.0 

0.0 

0.0 

4,000 

6 

71.0 

67.4 

0.0 

0.0 

0.0 

4,000 

7 

72.1 

68. 4 

0.0 

0.0 

0.0 

4,000 

8 

74.1 

69.3 

0.0 

0.0 

0.0 

4,000 

9 

77.0 

70.1 

0.0 

0.0 

0.0 

4,000 

10 

80.4 

71.4 

494.4 

450.0 

340.1 

3,956 

11 

84.2 

73.3 

672.3 

450.0 

*?  *  r  c 

3,733 

12 

87.8 

75.5 

775.6 

450.0 

351.9 

3,408 

13 

90.5 

7i.5 

733.0 

450,0 

354.9 

3,125 

14 

92.3 

76.8 

763.3 

450,0 

355.6 

2,811 

15 

93.0 

77.0 

805.4 

450.0 

356.4 

2,456 

U 

92.3 

76.7 

891.8 

450.0 

355.5 

2,014 

17 

90.8 

75.3 

889.6 

450.0 

351.3 

1,575 

18 

88.3 

74.2 

860.2 

450.0 

346.1 

i,li4 

19 

85.4 

72.9 

714.1 

450.0 

344.4 

900 

20 

82.4 

73.4 

680.5 

450.0 

345.8 

670 

21 

80.0 

73.0 

641.2 

450.0 

344.6 

479 

22 

77.7 

72.3 

559.5 

450.0 

342.6 

369 

23 

75.9 

70.6 

0.0 

345.0 

337.4 

714 

24 

74.6 

69.4 

0.0 

345.0 

n 

7 

1,058 

_ u  = 

- PieeKusy - 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

1 

74.3 

71.0 

0.0 

345.0 

338.6 

1,402 

0.0 

345.0 

338.6 

2,637 

2 

71.9 

68.8 

0.0 

345.0 

332.2 

1,746 

0.0 

345.0 

332.2 

2,980 

3 

69.9 

67.0 

0.0 

345.0 

327.1 

2,090 

0.0 

345.0 

327.1 

3,323 

4 

68.3 

65.9 

0.0 

345.0 

324.1 

2,433 

0.0 

345.0 

324.1 

3,665 

5 

67.4 

65.2 

0.0 

345.0 

^322.2 

2,776 

0.0 

337.7 

313.6 

4,000 

6 

67.0 

64.9 

0.0 

345.0 

321.4 

3,119 

0.0 

0.0 

0.0 

4,000 

7 

67.5 

65.3 

0.0 

345.0 

S 

3,462 

0.0 

0.0 

0.0 

4,000 

s 

65.6 

0.0 

345.0 

323  *  0 

3,804 

0.0 

0 . 0 

0 . 0 

4 , 000 

9 

70.9 

65.7 

0.0 

199.2 

175.6 

4,000 

0.0 

0.0 

0.0 

4 , 000 

10 

73.6 

66.5 

305.3 

305.3 

206.9 

4 , 000 

305.3 

305.3 

206.9 

4,000 

11 

76.7 

67.9 

454.0 

450.0 

330.6 

3,996 

454.0 

450.0 

330 . 6 

OwA 

w-  ,  w 

12 

79.9 

69.9 

581.5 

450.0 

336.0 

J  ,  5{J7 

581.5 

450.0 

338.0 

3,864 

13 

83.0 

71.3 

563.2 

450.0 

339.8 

56-3.2 

450.0 

339.B 

3,751 

Trane  Air  Conditioning  Econotics 
By;  C.D.S.  HARKETlNc 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


Neekday -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

DADB 

DANB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

(Ton) 

(Ton) 

!kK) 

(Ton-Hr) 

14 

85.7 

72.5 

597.7 

450.0 

343.2 

3,604 

597.7 

450.0 

343.2 

3,604 

15 

87.8 

73,9 

654.3 

450.0 

347,2 

3,399 

654.3 

450.0 

347.2 

3,399 

16 

89.1 

75,3 

737.3 

450.0 

351.3 

3,112 

737.3 

<50.0 

351.3 

3,112 

17 

89.5 

75.5 

810.6 

450.0 

351.9 

2,751 

810.6 

450.0 

351.9 

2,751 

18 

B?.2 

76.2 

803,8 

450.0 

354.0 

2,398 

803.  B 

450.0 

354,0 

2,398 

19 

88.3 

76.7 

700.3 

450.0 

355.5 

2,147 

700.3 

450.0 

355,5 

2,147 

20 

B6.7 

78.6 

684.0 

450.0 

361 .3 

1,913 

694.0 

450.0 

361.3 

1,913 

21 

84.7 

78.8 

656.5 

450.0 

361.9 

1.707 

656.5 

450.0 

361.9 

1,707 

22 

82.3 

78.0 

549.7 

450.0 

359.5 

1,607 

549.7 

450.0 

359.5 

1,607 

23 

79.6 

75.4 

0.0 

345.0 

351.9 

1,951 

0.0 

345.0 

351.9 

1,951 

24 

76.9 

73.0 

0.0 

345.0 

344.6 

2,294 

0.0 

3<5.0 

344.6 

2,294 

A 

-  aunudy  - 

nunody 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Detand 

Capacity 

Load 

Load 

De*and 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

(Ton) 

(Ton) 

(k») 

(Ton-Hr) 

1 

74.3 

71.0 

0.0 

345.0 

338 . 6 

2,637 

0.0 

345.0 

33S.6 

2,637 

2 

71.9 

68.8 

0.0 

345.0 

332.2 

2,980 

0.0 

345.0 

332.2 

2,980 

3 

69.9 

67.0 

0.0 

345.0 

327.1 

0.0 

345.0 

327.1 

3,323 

4 

68.3 

65.9 

0.0 

345.0 

324.1 

3,665 

0.0 

345.0 

324.1 

3^665 

5 

67.4 

65.2 

0.0 

337.7 

313.6 

4,000 

0.0 

337.7 

313.6 

4,000 

6 

67.0 

64.9 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

7 

67.5 

65.3 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

6 

68.8 

65.6 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

c.o 

4,000 

'  9 

70.9 

65.7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

10 

73.6 

66.5 

305.3 

305.3 

206.9 

4,000 

305.3 

305.3 

206.9 

4,000 

11 

76.7 

67.9 

454.0 

450.0 

330.6 

3,996 

454.0 

450.0 

330.6 

3,996 

12 

79.9 

69.9 

581.5 

450.0 

336.0 

3,864 

581.5 

450,0 

336.0 

3,864 

13 

83.0 

71.3 

563.2 

450,0 

339.8 

3,751 

563.2 

450.0 

339.8 

3,751 

14 

85.7 

72.5 

597.7 

450.0 

343.2 

3 , 604 

597.7 

<50.0 

343.2 

3^604 

15 

87.8 

73.9 

654.3 

450.0 

347.2 

3,399 

654.3 

450.0 

347.2 

3,399 

16 

89.1 

75.3 

737.3 

450.0 

351.3 

3,112 

737.3 

450.0 

351.3 

3,112 

17 

89.5 

75.5 

810.6 

450.0 

351.9 

2,751 

810.6 

450.0 

351.9 

2,751 

IB 

89.2 

76.2 

803.8 

450.0 

354.0 

2,398 

803.8 

450.0 

354.0 

2,398 

19 

88.3 

76.7 

700.3 

450.0 

355.5 

2,147 

700.3 

450.0 

355.5 

2,147 

20 

86.7 

78.6 

684.0 

450.0 

361.3 

1,913 

684.0 

450.0 

361.3 

1,913 

21 

84.7 

78.8 

656.5 

450.0 

361.9 

1,707 

656.5 

450.0 

361.9 

1,707 

22 

82.3 

78.0 

549.7 

450.0 

359.5 

1,607 

549.7 

450.0 

359.5 

1,607 

23 

79.6 

75.4 

0.0 

345.0 

351.9 

1,951 

(1.0 

345.0 

351.9 

1,951 

24 

76.9 

73.0 

0.0 

345.0 

344.6 

2,294 

0.0 

345.0 

344.6 

2,294 

Trane  Air  Conditioning  Econoiics 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- B  U  1  L  D  1  N  B  COOLING  D  E  «  A  N  D  B  AND  T  H  E  R  H  A  L  STORAGE - 

August 


Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANE 

Load 

'  Load 

Deiand 

Capacity 

Hour 

(F! 

(F) 

(Ton) 

(Ton) 

(kll) 

(Ton-Hr) 

1 

70.5 

64.5 

0.0 

345.0 

320.3 

2,637 

2 

69.5 

63.5 

0.0 

345.0 

317.7 

2,980 

3 

6B.7 

63.0 

0.0 

345.0 

316.4 

3,323 

4 

68,1 

62.4 

0.0 

345.0 

314.8 

3,665 

5 

67.9 

62.6 

0.0 

337.7 

306.9 

4,000 

6 

68.3 

63.2 

0.0 

0.0 

0.0 

4,000 

7 

69.3 

64.1 

0.0 

0.0 

0.0 

4,000 

G 

71.1 

64.9 

0.0 

0.0 

0.0 

4,000 

9 

73.7 

66.1 

0.0 

0.0 

0.0 

4,000 

10 

76.8 

67.2 

406.9 

406.9 

289.9 

4,000 

11 

80.2 

68.9 

583.6 

450.0 

333 . 2 

3,866 

12 

83.4 

70.6 

695.3 

450.0 

337.9 

3,621 

13 

85. S 

71.5 

664.3 

450.0 

340.4 

3,407 

14 

87. 5 

72.5 

698. 6 

450.0 

343.2 

3,158 

15 

88.1 

72.7 

727.3 

450.0 

343.8 

2,881 

16 

87.5 

71.7 

794.2 

450.0 

341.0 

2,537 

17 

86.0 

70.6 

806.4 

450.0 

337.9 

2,180 

18 

83.8 

69.7 

758.7 

450.0 

335.4 

1,872 

19 

81.2 

68.5 

598.2 

450.0 

332.2 

1,723 

20 

78.6 

68.7 

545.2 

450.0 

332.7 

1,628 

21 

76.4 

68.8 

454.4 

450.0 

333.0 

1,624 

22 

74.3 

67.6 

321,1 

321.1 

220.8 

1,624 

23 

72.7 

66.4 

0.0 

345.0 

325.5 

1,967 

24 

71.5 

65.3 

0.0 

345.0 

322.5 

2,311 

u_ 

_  _ 

36  wU<  Us  ; 

Ty 

pical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

(Ton) 

(Ton) 

(k») 

(Ton-Hr) 

1 

70.1 

65.3 

0.0 

345.0 

322.5 

2,654 

0.0 

249.7 

220.1 

4,000 

2 

68.2 

63.5 

0.0 

345.0 

317.7 

2,997 

0.0 

0.0 

0.0 

4,000 

3 

66.6 

62.2 

0.0 

345.0 

314.3 

3,339 

0.0 

0.0 

0.0 

4,000 

4 

65.4 

61.1 

0.0 

345.0 

311.6 

3,682 

0.0 

0.0 

0.0 

4,000 

5 

64.6 

60.7 

0.0 

321.2 

2S3.6 

4,000 

0,0 

0.0 

0.0 

4,000 

6 

64.4 

60.7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

7 

64.9 

61.2 

0.0 

0,0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

9 

66.3 

61.6 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

9 

68.5 

62.5 

0.0 

0.0 

0.0 

4^000 

0.0 

0.0 

0.0 

4,000 

10 

7i.4 

63.6 

250.5 

250.5 

164.5 

4,000 

250,6 

250.6 

164.5 

4,000 

11 

74.5 

65.1 

396.0 

396.0 

275.6 

4,000 

396.0 

396.0 

275.6 

4,000 

12 

77.6 

66.8 

504.8 

450.0 

0  ji  r  t  / 

3,945 

504 . 3 

450,0 

■\'/7  7 

3,945 

13 

80.5 

68.2 

495,1 

450.0 

331.4 

-J  ,  .•  V 

495.1 

450.0 

331.4 

3,900 

Trane  Air  Conditioning  Econosice 
By:  C.B.S.  HARKETINS 
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COLD  THERHAL  ST0RA6E  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


- Weekday -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Lead 

Deeand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

14 

82.7 

69.7 

525.9 

450.0 

335.4 

3,824 

525.9 

450.0 

335.4 

3,824 

15 

84.2 

70.7 

562.3 

450.0 

33B.2 

3,712 

562.3 

450.0 

338.2 

3,712 

16 

84,6 

70.5 

612.6 

450.0 

337.6 

3,549 

612.6 

450.0 

337.6 

3,549 

17 

84.4 

70.4 

668.2 

450.0 

337.3 

3,331 

668.2 

450.0 

337.3 

3,331 

IB 

83.6 

70.7 

640.3 

450.0 

338.2 

3,141 

640.3 

450.0 

338.2 

3,141 

19 

82.4 

70.7 

496.1 

450.0 

338.2 

3,095 

496.1 

450.0 

338.2 

3,095 

20 

80.  B 

71.9 

476.3 

450.0 

341.5 

3,069 

476.3 

450,0 

341.5 

3,069 

21 

7B.9 

72.4 

433.7 

433.7 

327.5 

3,069 

433.7 

433.7 

327.5 

3,069 

22 

76.8 

71.1 

330.5 

330.5 

235.2 

3,069 

330,5 

330.5 

235.2 

3,069 

23 

74.5 

69.3 

0.0 

345.0 

333.7 

3,411 

0.0 

345.0 

333,7 

3,411 

24 

72.2 

67.2 

0.0 

345.0 

327.7 

3,753 

0.0 

345.0 

327,7 

3,753 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANE 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F! 

(Ton) 

(Ton) 

(k») 

(Ton-Hr) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

i 

70.1 

65,3 

0.0 

24?,? 

220.1 

4,000 

0.0 

249.7 

220.1 

4,00G 

2 

68.2 

63.5 

0.0 

0.0 

0.0 

4,000 

0,0 

0,0 

0.0 

4,000 

3 

66.6 

62.2 

0.0 

0.0 

0.0 

4*000 

0.0 

0,0 

0.0 

4,000 

4 

65.4 

61.1 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

5 

64.6 

60.7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

6 

64.4 

60.7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

7 

64.9 

61.2 

0.0 

0.0 

0,0 

4,000 

0.0 

0.0 

0,0 

4,000 

e 

66,3 

61.6 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

9 

68.5 

62.5 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

.  10 

71.4 

63.6 

250.6 

250.6 

164.5 

4,000 

250.6 

250.6 

164.5 

4,000 

11 

74.5 

65.1 

396.0 

396.0 

2?5.6 

4,000 

396.0 

396.0 

275.6 

4,000 

12 

77.6 

66.8 

504.8 

450.0 

327.7 

3,945 

504.8 

450.0 

327.7 

3,945 

13 

80.5 

68.2 

495.1 

450.0 

331.4 

3,900 

495,1 

450.0 

331.4 

3,900 

14 

82.7 

69.7 

525.9 

450.0 

335.4 

3,824 

525.9 

450.0 

355.4 

3,824 

15 

84.2 

70.7 

562.3 

450.0 

338.2 

3,712 

562.3 

450.0 

338.2 

3,712 

16 

84.6 

70.5 

612.6 

450.0 

•jv'7 . 6 

3,549 

612.6 

450.0 

337.  i 

3,549 

17 

84.4 

70.4 

668.2 

450.0 

337 , 3 

3,331 

668.2 

450,0 

337 , 3 

3,331 

18 

83.6 

70.7 

640.3 

450.0 

333.2 

3,141 

640.3 

450.0 

338.2 

3,141 

19 

82.4 

70.7 

496.1 

450.0 

333.2 

3,095 

496.1 

450.0 

338.2 

3,095 

20 

80.8 

71.9 

476.3 

450.0 

341.5 

3,069 

476.3 

450.0 

341.5 

3,069 

21 

78.9 

72.4 

433.7 

433.7 

327.5 

3,069 

433.7 

433.7 

327.5 

3,069 

22 

76.8 

71.1 

330.5 

330 . 5 

235.2 

3,069 

330.5 

330.5 

235.2 

3,069 

23 

74.5 

69.3 

0.0 

345.0 

.333.7 

3,411 

0.0 

345.0 

777  7 

3,411 

24 

72 . 2 

67.2 

0.0 

345.0 

327.7 

3J53 

0.0 

345.0 

327.7 

o,75j 

\ 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERHAL  STORAGE  — 

Septesber 


Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deeand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(ktl) 

(Ton-Hr) 

1 

64.3 

60.7 

0.0 

249.7 

210.8 

4,000 

2 

63,3 

59.8 

0.0 

0.0 

0.0 

4,000 

3 

62.4 

59.2 

0.0 

0.0 

0.0 

4,000 

4 

61. S 

53.5 

0.0 

0.0 

0.0 

4,000 

5 

61.6 

58.3 

0.0 

0.0 

0.0 

4,000 

6 

62.0 

58,7 

0.0 

0.0 

0.0 

4,000 

7 

63.1 

59.8 

0.0 

0.0 

0.0 

4,000 

8 

64.9 

61.3 

0.0 

0.0 

0.0 

4,000 

9 

67.5 

62.3 

0.0 

0.0 

0.0 

4,000 

10 

70.6 

63,4 

305.6 

305.6 

201.5 

4,000 

11 

74.0 

65.1 

491.7 

450.0 

323.4 

3,958 

12 

77.3 

66.6 

611.3 

450,0 

327.2 

707 

V-  , . . , 

13 

79.7 

6S.i 

579.7 

450.0 

331.1 

3,667 

14 

S1.3 

68.9 

596.3 

450.0 

333.2 

3,521 

15 

81.9 

69.3 

623.8 

450.0 

334.3 

3,347 

ih 

81.3 

68.8 

684.1 

450.0 

333,0 

3,113 

17 

79.9 

68.2 

694.6 

450.0 

331.4 

2,868 

18 

77.7 

67.0 

653.5 

450.0 

328.2 

2,665 

19 

75.0 

66.9 

500.2 

450.0 

328. 0 

2,60? 

20 

72.4 

66.6 

369.5 

369.5 

256.9 

2,609 

21 

70.2 

65.3 

283.2 

283.2 

189.1 

2,609 

22 

68.1 

63.7 

169.8 

169.8 

117.9 

2,609 

23 

66.5 

62.5 

0.0 

345.0 

315.1 

2,952 

24 

65.3 

61.6 

0.0 

345.0 

u_ 

312.8 

3,294 

-bUf  UC  J 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANE 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(To.n) 

(Ton) 

{)!«) 

(Ton-Hr) 

(Ton) 

(Ten) 

(k«! 

(Ton -Hr) 

1 

63.9 

61.5 

0.0 

345.0 

312.6 

3,637 

0.0 

0.0 

0.0 

4,000 

2 

62.0 

59.7 

0.0 

345.0 

308.2 

3,979 

0.0 

0.0 

0,0 

4,000 

3 

60.4 

58.4 

0.0 

24.4 

41.0 

4,000 

0.0 

0.0 

0.0 

4,000 

4 

59.2 

57.1 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

5 

58.4 

56.3 

0.0 

0.0 

^  0.0 

4,000 

0.0 

0.0 

O.G 

4,000 

6 

5S.2 

56.1 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

7 

58.7 

56,7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

8 

60.1 

57.9 

0.0 

0.0 

0.0 

4 . 000 

0.0 

0.0 

0 . 0 

a  nrsA 

.  5  V 

9 

62.4 

53.6 

0.0 

0.0 

0.0 

4*000 

0.0 

0.0 

0.0 

4500(! 

10 

65.2 

59.6 

142.2 

142.2 

99.2 

4,000 

142.9 

142.9 

99.5 

4  jOC'O 

11 

68.3 

61.1 

275.3 

275.3 

176.6 

4,000 

275.3 

275,3 

i k- 1 6 

4,000 

12 

71.5 

62.7 

415.0 

415.0 

286.6 

4,000 

415.0 

415.0 

236.6 

4,000 

13 

74.3 

64.6 

413.9 

413.9 

290,0 

4,000 

414.3 

414.3 

290.3 

4,000 

Trane  Air  Conditioning  Econosics 
By:  C.D.S.  MARKETING 
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-  Neekday -  - Saturday 


Typical 

Ceding 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Toni 

(Ton) 

(kN) 

(Ton -Hr) 

iTen) 

(Ton) 

(Ton-Hr) 

14 

76.6 

66.0 

456.6 

450.0 

325.7 

3,993 

456.6 

450.0 

325.7 

3,993 

15 

78.0 

67.1 

465.5 

450.0 

328.5 

3,978 

465.5 

450.0 

328.5 

3,978 

16 

7B.5 

67.5 

514.5 

450.0 

329.5 

3,913 

514.5 

450.0 

329.5 

3,913 

17 

78.2 

67.9 

550.9 

450,0 

330.6 

3,812 

550.9 

450.0 

330,6 

3,813 

IB 

77.5 

68.0 

499.0 

450.0 

330.9 

3,764 

499.0 

450.0 

330.9 

3,764 

19 

76,3 

69.3 

379.7 

379.7 

271.5 

3,764 

379.7 

379.7 

271.5 

3,764 

20 

74.7 

70.0 

34B.0 

348.0 

246.8 

3,764 

348.0 

348.0 

246.8 

3,?e4 

21 

72.7 

69.0 

290.0 

290.0 

200.5 

3,764 

290.0 

290.0 

200.5 

3,764 

22 

70.6 

67.3 

190.0 

190.0 

134.2 

3,764 

190.0 

190.0 

134.2 

3,764 

23 

63.3 

65.4 

0.0 

239.5 

210.6 

4,000 

0.0 

239.5 

210.6 

4,000 

2A 

66.1 

63.6 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

_ Mi 

0.0 

4,000 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DAN3 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

m 

(Ton-Hr! 

(Ton) 

(Ton) 

(kB) 

(Ton-Hr) 

1 

63.9 

61.5 

0.0 

0.0 

0.0 

4,000 

0,0 

0.0 

0.0 

4,000 

2 

62.0 

59.7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

60.4 

5S,4 

(5.0 

0.0 

0.0 

4,000 

0.0 

0.0 

O.G 

4,000 

4 

59.2 

57.1 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

5 

5S.4 

56.3 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

6 

58.2 

56,1 

0.0 

0.0 

0.0 

4,000 

o.c 

0.0 

0.0 

4,000 

7 

58.7 

56.7 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

B 

6G.1 

57.9 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

9 

62.4 

58.6 

0.0 

0.0 

0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

10 

65.2 

59.6 

142.9 

142.9 

99.5 

4,000 

142.9 

142,9 

99.5 

4,000 

‘  '  11 

68.3 

61.1 

275.3 

275.3 

176.6 

4,000 

275.3 

275.3 

176.6 

4,000 

.  12 

71-5 

62.7 

415.0 

415.0 

286.6 

4,000 

415.0 

415.0 

286.6 

4,000 

13 

74.3 

64.6 

414.3 

414.3 

290.3 

4,000 

414.3 

414.3 

290.3 

4,000 

14 

76.6 

66.0 

456.6 

450.0 

325.7 

3,993 

456.6 

450.0 

325.7 

3,993 

15 

78.0 

67.1 

465.5 

450.0 

32S.5 

3,978 

465.5 

450.0 

328.5 

3,978 

16 

78.5 

67.5 

514.5 

450.0 

3,913 

514.5 

450.0 

329.5 

3,913 

17 

78.2 

67.9 

550.9 

450.0 

330.6 

3,813 

550.9 

450.0 

330.6 

3,813 

IB 

77.5 

68.0 

499.0 

450.0 

330.9 

3,764 

499.0 

450.0 

330.9 

3,764 

19 

76.3 

69.3 

379.7 

379.7 

271.5 

3,764 

379.7 

379.7 

271.5 

3,764 

20 

74.7 

70.0 

348.0 

348.0 

246.8 

3,764 

348.0 

348.0 

246.8 

3,764 

21 

72.7 

69.0 

290.0 

290.0 

200. 5 

3,764 

290.0 

290.0 

200.5 

3,764 

22 

70.6 

67.3 

190.0 

190.0 

134.2 

3,764 

190.0 

190,0 

134.2 

3,764 

23 

63.3 

65.4 

0.0 

239 . 5 

210.6 

4,000 

0.0 

239.5 

210.6 

4,000 

24 

66.1 

63.6 

0.0 

0.0 

'  0.0 

4,000 

0.0 

0.0 

0.0 

4,000 

ECO  IT-3 


Trane  Air  Conditioning  Econoeic 
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COLD  THERftAL  STORAGE  ALTERNATIVE  3 
B  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

BUILDING  C00LIN6  DEMANDS  AND  THERMAL  STORAGE 


June 


Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANB 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

1 

68.7 

65.1 

0.0 

0.0 

0.0 

6,000 

2 

67.8 

64.4 

0.0 

0.0 

0.0 

6,000 

3 

67.0 

63.5 

0.0 

0.0 

0.0 

6,000 

4 

66,4 

62.7 

0.0 

0.0 

0.0 

6,000 

5 

66.3 

62.7 

0,0 

0.0 

0.0 

i,000 

6 

66.6 

63.7 

0.0 

0.0 

0.0 

6,000 

7 

67.6 

64.5 

0.0 

0.0 

0.0 

6,000 

8 

69.3 

65.1 

0.0 

0.0 

0.0 

6,000 

9 

71.8 

66.0 

65.3 

65.3 

89.9 

6,000 

10 

74.6 

67.6 

109.2 

109.2 

125.0 

6,000 

11 

77.8 

69. S 

241.8 

241.8 

192.9 

6,000 

12 

80.9 

71.9 

3S4,5 

0.0 

0.0 

5,611 

13 

83.2 

73.5 

353.7 

0.0 

0.0 

5^252 

H 

84.7 

74.4 

435.0 

0.0 

0.0 

4,813 

15 

83.3 

74.6 

542.1 

0.0 

0.0 

4,267 

lo 

84.7 

74.5 

682.4 

0.0 

0.0 

3,582 

17 

83.4 

73.5 

S06.8 

0.0 

0.0 

2,772 

18 

81.3 

71,5 

768.0 

768.0 

573.3 

2,772 

19 

7B.B 

70.1 

652.3 

652.3 

465.8 

2,772 

20 

76.3 

70.0 

591.1 

591.1 

416.2 

^  779 
'*■ 

21 

74.2 

69.5 

546.4 

546.4 

3S0.5 

2,772 

22 

72.3 

68.7 

422.4 

422.4 

293.5 

2,772 

23 

70.8 

67.1 

246.2 

246.2 

189. 3 

2^12 

.  24 

69.7 

65.8 

170.5 

170.5 

149,8 

j-,. _ _ 

2,772 

_ _ 

4  ti  r  ^  vr 

US  7 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

storage 

OADB 

OANB 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(Ft 

(Ton) 

(Ton) 

(k«) 

(Tcn-Hr) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

1 

67.6 

65.3 

0.0 

625.0 

584.5 

3,395 

0.0 

625.0 

584.5 

3,124 

2 

66.0 

63,9 

0.0 

625.0 

577.8 

4,017 

0.0 

625.0 

577.8 

3,747 

3 

64.6 

62.4 

0.0 

625.0 

570.7 

4,639 

0.0 

625.0 

570.7 

4,369 

4 

63.7 

61.3 

0.0 

625.0 

.565.7 

5,260 

0.0 

625.0 

565.7 

4,990 

5 

63.0 

60.8 

0.0 

625.0 

563.5 

5,881 

0.0 

625.0 

563.5 

5,611 

6 

62.8 

61.2 

0.0 

123.9 

140.5 

6,000 

0.0 

393.4 

330.8 

6,000 

7 

63.4 

61.7 

0.0 

0.0 

0.0 

6 , 000 

0.0 

0,0 

0 , 0 

6,000 

g 

65.1 

62.3 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

? 

67,6 

63.3 

220.8 

220.8 

168.8 

6,000 

220.8 

220.8 

168.8 

6,000 

10 

70.7 

65.2 

286.9 

286.9 

206.1 

6,000 

286.9 

286 . 9 

206.1 

6,000 

11 

74.0 

67.5 

432.3 

432.3 

295.5 

6,000 

432.3 

432.3 

99^  c, 

6,000 

12 

77.1 

69.8 

557.6 

0.0 

0.0 

5,438 

557.6 

0.0 

0.0 

5,438 

13 

79.6 

71.6 

535 . 2 

0.0 

0.0 

4,898 

535,2 

0.0 

0.0 

4,898 

Trane  Air  Conditioning  Econoiics 
By:  C.D.S.  MARKETING  ’ 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  3 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Neekday -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Deaand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

m 

(Toff-Hr) 

(Ton) 

(Ton] 

(kW) 

(Ton-Hr) 

14 

81.3 

72.7 

534.2 

0.0 

0.0 

4,360 

534.2 

0.0 

0.0 

4,360 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

3,795 

561.4 

0.0 

0.0 

3,795 

16 

81.6 

73.1 

609.6 

0.0 

0.0 

3,182 

609.6 

0.0 

O.C 

3,182 

17 

81.0 

72.7 

678.8 

0.0 

0.0 

2,501 

678.8 

0.0 

0.0 

2,501 

18 

80.0 

71,6 

665.1 

665.1 

482.6 

2,501 

665.1 

665.1 

4B2.6 

2,501 

19 

78.7 

71.3 

542.0 

542.0 

383.5 

2,501 

542.0 

542.0 

383.5 

2,501 

20 

77.1 

72.0 

496.4 

496.4 

353.5 

2,501 

496.4 

496.4 

353.5 

2,501 

21 

75.3 

71.8 

448.1 

448.1 

320.4 

2,501 

448.  i 

448.1 

320.4 

2,501 

22 

73.3 

71.0 

338. 5 

338.5 

249.7 

2,501 

338.5 

338.5 

249.7 

2,501 

23 

71.3 

68.9 

227.4 

227.4 

183.5 

2,501 

227.4 

227.4 

183. 5 

2,501 

24 

69.4 

66.8 

15B.1 

158.1 

r- 

145.7 

2,501 

158. 1 

15B.1 

145.7 

2,501 

-  Dunaey  - - 

n 

onday 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

CoDling 

Chiller 

Chiller 

Storage 

OADB 

DAUB 

Load 

Load 

Detand 

Capacity 

Lead 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k«! 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

t 

67.6 

65.3 

O.G 

625.0 

584.5 

•?  j  *5* 

0 . 0 

625.0 

584.5 

3,124 

•} 

66.0 

63.9 

0.0 

625.0 

577.  B 

3,747 

0.0 

625.0 

577.  B 

i&i 

3 

64.6 

62.4 

0.0 

625.0 

570.7 

4,369 

0.0 

625.0 

570.7 

4,369 

4 

63.7 

61.3 

0.0 

625.0 

565.7 

4,990 

0.0 

625.0 

565.7 

4,990 

5 

63.0 

60.8 

0.0 

625.0 

563.5 

5,611 

0.0 

625.0 

563.5 

5,611 

6 

62.8 

61.2 

0.0 

393.4 

330.8 

6,000 

0.0 

393.4 

330.  B 

6,000 

7 

63.4 

61.7 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

S 

65.1 

62.3 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

67.6 

63.3 

220.8 

220.8 

168,3 

6,000 

220.8 

220.8 

168.8 

6,000 

10 

70.7 

65.2 

286.9 

286.9 

206.1 

6,000 

286.9 

286.9 

206.1 

6,000 

11 

74.0 

67.5 

432.3 

432.3 

295.5 

6,000 

432.3 

432.3 

295.5 

6,000 

12 

77.1 

69.8 

557.6 

0.0 

0.0 

5,438 

557.6 

0.0 

0.0 

5,438 

13 

79.6 

71.6 

535.2 

0.0 

0.0 

4,898 

535.2 

0.0 

0.0 

4,898 

14 

81.3 

72.7 

534.2 

0.0 

0.0 

4,360 

534.2 

0.0 

0.0 

4 , 360 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

3,795 

561.4 

0.0 

0.0 

3,795 

16 

81.6 

73.1 

609.6 

0.0 

0.0 

3,132 

609.6 

0.0 

0.0 

3,182 

17 

81.0 

72.7 

678,8 

0.0 

0.0 

2,501 

678.8 

0.0 

0.0 

2,501 

18 

80.0 

71.6 

665.1 

665.1 

482.6 

2,501 

665.1 

665.1 

482.6 

2,501 

19 

78.7 

71.3 

542.0 

542.0 

383.5 

2,501 

542.0 

542.0 

383.5 

2,501 

20 

77.1 

72.0 

496.4 

496.4 

353.5 

2,501 

496.4 

496.4 

353.5 

2,501 

21 

75.3 

71.8 

448.1 

448.1 

320.4 

2,501 

448.1 

448.1 

320.4 

2,501 

22 

73.3 

71.0 

338.5 

338.5 

249.7 

2,501 

338.5 

338 . 5 

249.7 

2,501 

23 

71.3 

68.9 

227.4 

227.4 

'183.5 

2,501 

227.4 

227.4 

183.5 

2,501 

24 

69.4 

66. B 

158.1 

158.1 

145.7 

2,501 

158.1 

158.1 

145.7 

2,501 

Irene  Air  ConditioninQ  Econoiics 
By;  C.D.S.  MARKETING 
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COLD  THERMAL  STORAGE  >  ALTERNATIVE  3 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  CODLING  D  E  H  A  N  D  S  ’  A  N  D  THERMAL  STORAGE - 

July 


-  Design 


Des, 

ign 

Cooling 

Chiller 

Chiller 

Storage 

QADG 

OANB 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(Fi 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

1 

73.4 

68.8 

0.0 

625.0 

602.2 

3,124 

2 

72,3 

67.9 

0.0 

625.0 

597.5 

3,747 

3 

71.4 

67.2 

0.0 

625.0 

594.0 

4,369 

4 

70.7 

67.0 

0.0 

625.0 

593.0 

4,990 

5 

70.5 

66.9 

0.0 

625.0 

592.5 

5,611 

6 

71.0 

67.4 

0.0 

393.4 

352.3 

6,000 

7 

72.1 

68.4 

0.0 

0.0 

0.0 

6,000 

8 

74.1 

69.3 

1.4 

0.0 

0.0 

6,000 

9 

77.0 

70.1 

420.6 

420.6 

297.0 

6,000 

10 

80.4 

71.4 

494.4 

494.4 

349.9 

6,000 

11 

84. 2 

73.3 

672,3 

672.3 

496.1 

6,000 

12 

87.8 

75.5 

775.6 

0.0 

0.0 

5,220 

13 

90.5 

76.5 

733.0 

0.0 

0.0 

4,483 

14 

92.3 

76.8 

763.3 

0.0 

0.0 

0,  /  io 

15 

93.0 

77.0 

805,4 

0.0 

0.0 

2,907 

16 

92.3 

76.7 

891.8 

0.0 

0.0 

2,013 

17 

90.8 

75.3 

889.6 

0.0 

0.0 

1,122 

18 

88.3 

74.2 

860.2 

810.(1 

626.6 

1,072 

19 

85.4 

72.9 

714.1 

714.1 

530.9 

1,072 

20 

82.4 

73.4 

680.5 

680.5 

503.6 

1,072 

''  21 

80.0 

73.0 

641.2 

641.2 

468.4 

1,072 

22 

77.7 

72.3 

559.5 

559.5 

400.3 

1,072 

-  23 

75.9 

70.6 

426.3 

426.3 

302.2 

1,072 

24 

74.6 

69.4 

280.2 

280.2 

212.6 

1,072 

hJS  vUf  uc  1 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Stcrace 

OADB 

OANB 

Load 

Load 

Detand 

Capacity 

Load 

Load 

Deftand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k«! 

(Ton-Hr) 

(Ton) 

(Ton) 

(k«! 

(Ton-Hr) 

1 

74.3 

71.0 

0.0 

625.0 

613,7 

1,696 

0.0 

625.0 

613.7 

2,657 

2 

71.9 

68.8 

0.0 

625.0 

602.2 

2,319 

0.0 

625.0 

602.2 

3,280 

3 

69.9 

67.0 

0.0 

625.0 

593.0 

2,943 

0.0 

625.0 

593.0 

3,902 

4 

68.3 

65.9 

0.0 

625.0 

587.5 

3,565 

0.0 

625.0 

587.5 

4,524 

c, 

67.4 

65,2 

0.0 

625.0 

;584.0 

4,187 

0.0 

625.0 

584.0 

5,146 

6 

67,0 

64,9 

0.0 

625.0 

582.6 

4,809 

0.0 

625.0 

5S2.6 

5,76? 

7 

67.5 

65.3 

0.0 

625.0 

584.5 

5,430 

0.0 

238.1 

222.6 

6,000 

8 

68. 8 

65.6 

0,0 

574.1 

527.1 

6,000 

0,0 

0.0 

0 . 0 

6,000 

9 

70,9 

65.7 

248.7 

248.7 

187.6 

6,000 

248.7 

248.7 

187.6 

6,000 

10 

73.6 

66.5 

305.3 

305.3 

219.1 

6,000 

305.3 

305.3 

219.1 

6,000 

11 

76.7 

67.9 

454.0 

454.0 

310.6 

6,000 

454.0 

454.0 

310.6 

6,000 

12 

??,9 

69.9 

581.5 

0.0 

0.0 

5,414 

581.5 

0.0 

0.0 

5,414 

13 

83,0 

71.3 

563.2 

0,0 

0.0 

4,846 

563.2 

0.0 

0.0 

4,846 

Trane  Air  Conditioning  Econoiics 
By;  C.D.S.  HARKETIN6 
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COLD  THERHAL  STORAGE  >  ALTERNATIVE  3 
B  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Weekday  -  -  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

»Ton) 

(ktij 

(Ton-Hr) 

(Ton) 

(Ton) 

(kW) 

(ToR-Hr) 

85,7 

72.5 

597.7 

0.0 

0.0 

4,245 

597.7 

0.0 

0.0 

4,245 

15 

87.8 

73.9 

654.3 

0.0 

0.0 

3,587 

654,3 

0.0 

0.0 

3,597 

16 

89.1 

75.3 

737.3 

0.0 

0.0 

2,847 

737.3 

0.0 

0.0 

2,847 

17 

89.5 

75.5 

810.6 

0.0 

0.0 

2,034 

810.6 

0.0 

0.0 

2,034 

IB 

89.2 

76.2 

803.8 

803.8 

631.1 

2,034 

803,8 

803.  B 

631.1 

2,034 

19 

88.3 

7i,7 

700.3 

700.3 

536.1 

2,034 

700.3 

700.3 

536.1 

2,034 

20 

86.7 

78.6 

684.0 

684.0 

530.1 

2,034 

684.0 

684.0 

530.1 

2,034 

21 

84.7 

78.8 

656.5 

656.5 

506.4 

z  ,0ii'4 

656.5 

656.5 

506.4 

2,034 

22 

82.3 

78.0 

549.7 

549.7 

416.3 

2,034 

549.7 

549.7 

416.3 

2,034 

23 

79.6 

75.4 

419.7 

419.7 

313.8 

2,034 

419.7 

419.7 

313.8 

2,034 

24 

76.9 

73.0 

325.9 

325.9 

247.6 

2,034 

325.9 

325.9  247.6 

2,034 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deftand 

Capacity 

Load 

Load 

Demand 

Capacity 

Hour 

(F) 

(F! 

(Ton) 

(Ton) 

im 

(Tor -Hr) 

(Ton) 

(Tor) 

(kK) 

(Ton-Hr) 

1 

74.3 

71.0 

0.0 

625.0 

613.7 

2,657 

0.0 

625.0 

613.7 

2,657 

2 

71.9 

68.8 

0.0 

625.0 

602.2 

3,280 

c.o 

625.0 

602.2 

3,230 

3 

69,9 

67.0 

0.0 

625.0 

593.0 

3,902 

0.0 

625.0 

593.0 

3,902 

i 

68.3 

65.9 

0.0 

625.0 

587.5 

4,524 

0.0 

625.0 

587.5 

4,524 

5 

67.4 

65.2 

0.0 

625.0 

5S4.0 

5,146 

0.0 

625.0 

534.0 

5,146 

6 

67.0 

64.9 

0.0 

625.0 

582.6 

5,767 

0.0 

625.0 

582.6 

5,767 

7 

67.5 

65.3 

0.0 

238.1 

222.6 

6^000 

0.0 

238.1 

222.6 

6,000 

8 

68. 8 

65.6 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

70.9 

65.7 

248.7 

248.7 

187.6 

6,000 

248.7 

248.7 

187.6 

6,000 

10 

73.6 

66.5 

305.3 

305.3 

219.1 

6,000 

305.3 

305.3 

219.1 

6,000 

■  11 

76.7 

67.9 

454.0 

454,0 

310.6 

6,000 

454.0 

454.0 

310.6 

6,000 

12 

79.9 

69.9 

581.5 

0.0 

0.0 

5,414 

5B1.5 

0.0 

0,0 

5,414 

13 

83.0 

71.3 

563.2 

c.o 

0.0 

4,846 

563.2 

0.0 

0.0 

4.846 

14 

85.7 

72.5 

597.7 

0.0 

0.0 

4,245 

597.7 

0.0 

0.0 

4.245 

15 

87.8 

73.9 

654.3 

0.0 

0.0 

3,587 

654.3 

0.0 

0.0 

3,587 

16 

89.1 

75.3 

737.3 

0.0 

0.0 

2,847 

737.3 

0.0 

0.0 

2,84? 

17 

89.5 

75.5 

810.6 

0.0 

0.0 

2,034 

810.6 

0.0 

0.0 

2,034 

18 

89.2 

76.2 

803.8 

803.8 

631.1 

2,034 

803.  B 

803.8 

631.1 

2,034 

19 

88.3 

76.7 

700.3 

700.3 

536.1 

2,034 

700.3 

700.3 

536.1 

2,034 

20 

86.7 

78.6 

684.0 

684.0 

530.1 

2,034 

684.0 

684.0 

530.1 

2,034 

21 

84.7 

78.8 

656.5 

656.5 

506.4 

2,034 

656.5 

656.5 

506,4 

2,034 

22 

82.3 

78.0 

549.7 

549.7 

416.3 

2,034 

549.7 

549.7 

416.3 

2,034 

23 

79.6 

75.4 

419.7 

419.7 

'313.8 

2,034 

419.7 

419.7 

313,8 

2,034 

24 

76.9 

73.0 

325.9 

325.9 

247.6 

2,034 

325.9 

325.9 

247.6 

2,034 

Trane  Air  Ccnditicning  EconoiicE 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  3 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERHAL  STORAGE - 

August 


Design 

Cooling 

Chiller  Chiller 

OADB 

OANB 

Load 

Load 

Deiand 

Hour 

(F) 

(FI 

(Ton) 

(Ton) 

(kH) 

1 

70.5 

64.5 

0.0 

625.0 

580.6 

2 

69.5 

63.5 

0.0 

625.0 

575.9 

3 

6B.7 

63.0 

0.0 

625.0 

573.5 

4 

63.1 

62.4 

0.0 

625.0 

570.7 

5 

67.9 

62.6 

0.0 

625.0 

571.6 

6 

6S.3 

63.2 

0.0 

625.0 

574.4 

7 

69.3 

64.1 

0.0 

238.1 

219.5 

8 

71.1 

64.9 

0.0 

0.0 

0.0 

9 

73.7 

66.1 

328.4 

32B.4 

230.7 

10 

76.8 

67.2 

406.9 

406.9 

279.1 

11 

80.2 

68.9 

583,6 

583.6 

406.3 

12 

83.4 

70.6 

695.3 

0.0 

0.0 

13 

S5.S 

71.5 

664 , 3 

0.0 

0.0 

14 

87.5 

7n 

698.6 

0.0 

0,0 

15 

88.1 

72.7 

727.3 

0.0 

0.0 

16 

87.5 

71.7 

794-2 

0.0 

0.0 

17 

86.0 

70.6 

806,4 

0.0 

0.0 

IS 

83.8 

69.7 

758.7 

758.7 

556.3 

19 

81.2 

68.5 

598.2 

598.2 

416.2 

20 

7S.6 

68.7 

545.2 

545.2 

376.8 

21 

76.4 

68.B 

454.4 

454.4 

313.9 

22 

74.3 

67.6 

321.1 

321.1 

230.6 

-  23 

72.7 

66.4 

220.8 

220.8 

175.1 

24 

71.5 

65.3 

194.9 

194.9 

160.3 

Typical 

Cooling 

-  Weekday  — 

Chiller  Chiller 

DADB 

OANB 

Load 

Load 

Dene  rid 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

{k«! 

1 

70.1 

65.3 

0.0 

625.0 

584.5 

2 

68.2 

63.5 

0.0 

625.0 

575.9 

3 

66.6 

62.2 

0.0 

625.0 

569.8 

4 

65.4 

61.1 

0.0 

625.0 

564.8 

i: 

64.6 

60.7 

0.0 

625.0 

^563.1 

6 

64.4 

60.7 

0.0 

625,0 

563.1 

7 

64.9 

61.2 

0.0 

625.0 

565.3 

8 

66.3 

61.6 

0.0 

55 . 7 

96.4 

9 

68. 5 

62.5 

i?S.i 

178.1 

14*^.  4 

10 

71.4 

63.6 

250.5 

250,5 

133.9 

11 

74.5 

65.1 

396.0 

396.0 

266.1 

12 

77.6 

66.8 

504.8 

0.0 

0.0 

13 

80.5 

68.2 

495.1 

0.0 

0.0 

Storage 

Capacity 

(Ton-Hr) 

2,657 

3,280 

3,902 

4,52^ 

5,146 

5,767 

6,000 

6,000 

6,000 

6,000 

6,000 

SJvOO 


A  ^  ^  V 

1,593 

1,593 

1,593 

1,593 

1,593 

1,593 

1,593 


Saturday 


Storage 

Cooling 

Chiller 

Chiller 

storage 

Capacity 

Load 

Load 

Deaand 

Capacity 

(Ton-Hr) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

2,217 

0.0 

625.0 

584.5 

3,232 

2,840 

0.0 

625.0 

575.9 

3,854 

3,463 

0.0 

625.0 

569.8 

4,476 

4,085 

0.0 

625.0 

564.8 

5,097 

4,707 

0.0 

625.0 

563.1 

5,718 

5,328 

0.0 

286.3 

244,1 

6,000 

5,949 

0.0 

0.0 

0.0 

6,000 

6,000 

0.0 

0.0 

0.0 

6,000 

6,000 

178,0 

178.0 

147.4 

6,000 

6 . 000 

250.6 

250.6 

183.9 

6,000 

6,000 

396.0 

396,0 

6^000 

S  iQi'i 

504 .  S 

0.0 

0.0 

5,490 

4^991 

495.1 

0,0 

0.0 

4,991 

Trane  Air  Conditioning  Econoaics 
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COLD  THERHAL  STDRA8E  -  ALTERNATIVE  3 
B  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Weekday . . Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Lead 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

ik«) 

(Ton -Hr) 

(Ton) 

(Ton! 

(kH) 

(Tcn-Hr j 

14 

B2.7 

69.7 

525.9 

0.0 

0.0 

4,461 

525.9 

0.0 

0.0 

4,461 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

3,895 

562.3 

0.0 

0.0 

3,895 

16 

84.6 

70.5 

612.6 

0.0 

0.0 

3,279 

612.6 

0.0 

0.0 

3,279 

17 

84.4 

70.4 

668.2 

0.0 

0.0 

2,609 

668.2 

0.0 

0.0 

2,609 

IB 

83.6 

70.7 

640.3 

640.3 

453.3 

2,609 

640.3 

640.3 

458.3 

2,609 

19 

82.4 

70.7 

496.1 

496.1 

348.3 

2,609 

496.1 

496.1 

34B.3 

2,609 

20 

80.8 

71,9 

476.3 

476.3 

339 , 5 

2,609 

476.3 

476.3 

339.5 

2,609 

21 

78.9 

72.4 

433.7 

433.7 

313.0 

2,609 

433.7 

433.7 

313.0 

2,609 

22 

76.8 

71.1 

330.5 

330.5 

245.3 

2,609 

330.5 

330.5 

245.3 

2,609 

23 

74.5 

69.3 

243.3 

243.3 

192.6 

2,609 

243.3 

243.3 

192.6 

2,609 

24 

72.2 

67.2 

198.3 

198.3 

165.6 

2,609 

198.3 

198.3 

_  -  H 

165.6 

2,609 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(FI 

(Fl 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

(Ton) 

(Toni 

(kH) 

(Ton-Hr) 

1 

70.1 

65.3 

0.0 

625.0 

584.5 

3,232 

0.0 

625.0 

584.5 

w  1  jC.  w'i. 

n 

X 

6S.2 

63.5 

0.0 

625.0 

575.9 

3,854 

0.0 

625.0 

575.9 

3,854 

3 

66.6 

62.2 

c.o 

625.0 

569.8 

4,476 

0.0 

625.0 

569.8 

4,476 

4 

65.4 

61.1 

O.G 

625.0 

564.8 

5,097 

0.0 

625.0 

564.8 

5,097 

5 

64.6 

60.7 

0.0 

625.0 

563.1 

5,718 

0.0 

625.0 

563.1 

5,718 

6 

64.4 

60.7 

0.0 

286.3 

244.1 

6,000 

0.0 

286. 3 

244.1 

6,000 

7 

64.9 

61.2 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

8 

66.3 

61.6 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

68.5 

62.5 

178.0 

178.0 

147.4 

6,000 

178.0 

178.0 

147.4 

6,000 

10 

71.4 

63.6 

250.6 

250.6 

183.9 

6,000 

250.6 

250.6 

183.9 

6,000 

11 

74.5 

65.1 

396.0 

396.0 

266.1 

6,000 

396.0 

396.0 

264,1 

6,000 

12 

77.6 

66.8 

504.8 

0,0 

0.0 

5,490 

504.8 

0.0 

0.0 

5,490 

13 

80.5 

68.2 

495.1 

0.0 

0.0 

4,991 

495.1 

0.0 

0.0 

4,991 

14 

82.7 

69.7 

525.9 

0.0 

0.0 

4,461 

525.9 

0.0 

0.0 

4,461 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

3,395 

562.3 

0.0 

0.0 

3,895 

16 

84.6 

70.5 

612.6 

0.0 

0.0 

3,279 

612.6 

0.0 

0.0 

3,279 

17 

84.4 

70.4 

668.2 

0.0 

0.0 

2,609 

663.2 

0.0 

0.0 

2,609 

18 

83.6 

70.7 

640.3 

640.3 

458.3 

2,609 

640.3 

640.3 

458.3 

2,609 

19 

82.4 

70.7 

496.1 

496.1 

348.3 

2,609 

496.1 

496.1 

348.3 

2,609 

20 

80.8 

71.9 

476.3 

476.3 

339.5 

2,609 

476.3 

476.3 

339.5 

2,609 

21 

78.9 

72.4 

433.7 

433.7 

313.0 

2,609 

433.7 

433.7 

313.0 

2,609 

22 

76.8 

71.1 

330.5 

330.5 

245.3 

2,609 

330.5 

330.5 

245.3 

2,609 

23 

74.5 

69.3 

243.3 

243.3 

192.6 

2,609 

243.3 

243.3 

192.6 

2,609 

24 

72.2 

67.2 

198.3 

198.3 

165.6 

2,609 

198.3 

198.3 

165.6 

2,609 

Trane  Air  Conditioning  Econoaics 
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COLD  THEftflAL  STORABE  -  ALTERNATIVE  3 
B  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDINB  COOLIH6  DEHANDS  AND  THERHAL  STORABE - 

Septeaber 


—  Deeign 


Design 

Cooling 

Chiller 

Chiller 

Storage 

DADB 

DAHB 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

IF) 

(Ton) 

(Ton) 

(l:H) 

(Ton-Hr) 

1 

64.3 

60.7 

0.0 

625.0 

563.1 

3,232 

2 

63 . 3 

59.8 

0.0 

625.0 

559.1 

3,854 

3 

62.4 

59.2 

0.0 

625.0 

556.6 

4,476 

4 

61.8 

58.5 

0.0 

625.0 

553.7 

5,097 

5 

61.6 

58.3 

0.0 

625.0 

552.8 

5,718 

6 

62.0 

58.7 

0.0 

286,3 

241,9 

6,000 

7 

63.1 

59.8 

0.0 

0.0 

0.0 

6,000 

d 

64.9 

61.3 

0.0 

0.0 

0,0 

6,000 

9 

67.5 

62.3 

207.6 

207.6 

160.6 

6,000 

10 

70.6 

63.4 

305.6 

305.6 

211.4 

6,000 

11 

74.0 

65.1 

491.7 

491.7 

327.3 

6,000 

12 

77.3 

66.6 

611.3 

0.0 

0.0 

5,384 

13 

79.7 

68.1 

579.7 

G.O 

0.0 

4,800 

14 

81.3 

68.9 

596.3 

0.0 

0.0 

4,200 

15 

81.9 

69.3 

623.8 

0.0 

0.0 

3,573 

16 

81.3 

68.8 

684.1 

0.0 

0.0 

2,886 

17 

79.9 

68.2 

694.6 

0.0 

0.0 

2,189 

18 

77.7 

67,0 

653 » 5 

653.5 

454.4 

2,189 

19 

75.0 

66.9 

506.2 

506.2 

342.9 

2,189 

20 

72.4 

66.6 

369,5 

369.5 

255.3 

2,189 

21 

70.2 

65.3 

283.2 

283.2 

204.4 

2,189 

22 

68. 1 

63.7 

169.8 

169.8 

145.8 

2,189 

23 

66.5 

62.5 

112.6 

112.6 

119.2 

2,189 

24 

65.3 

61.6 

96,5 

96.5 

111.5 

2,189 

- fieeKflay - 

wD  kUr  t>d  j 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

1 

63.9 

61.5 

0,0 

625.0 

566.6 

2,812 

0.0 

625.0 

566.6 

3,783 

2 

62.0 

59.7 

0.0 

625.0 

556.7 

3,435 

0,0 

625.0 

558. 7 

4,404 

3 

60.4 

58.4 

0.0 

625.0 

553.3 

4,057 

0.0 

625.0 

553.3 

5,026 

4 

59.2 

57.1 

0.0 

625.0 

546.0 

4,679 

0.0 

625.0 

548.0 

5,647 

5 

58.4 

56.3 

0.0 

625.0 

:544.9 

5,300 

0.0 

357.6 

294.5 

6,000 

6 

58.2 

56.1 

0.0 

625.0 

544.2 

5,921 

0.0 

0.0 

0.0 

6,000 

7 

58. 7 

56.7 

0.0 

84.0 

116.4 

6,000 

0.0 

O.G 

0.0 

6,000 

e 

60.1 

57.9 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

62.4 

58. 6 

79,2 

79.2 

100.6 

6,000 

79.2 

79.2 

100.6 

6^000 

10 

65.2 

59.6 

142.2 

142.2 

127.6 

6^000 

142.9 

142.9 

127.9 

6,000 

11 

68.3 

61.1 

275.3 

275.3 

190.4 

6,000 

*57  7 

r  •? 

190.4 

6 , 000 

12 

71.5 

62.7 

415.0 

0.0 

G.O 

5*580 

415.0 

0.0 

0.0 

5,5SO 

13 

74.3 

64.6 

413.9 

0.0 

0.0 

5,162 

414.3 

G.O 

0.0 

5,161 

Trane  Air  Conditioning  Econo*ic5 
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COLD  THEftHAl  ST0RA6E  «  ALTERNATIVE  3 
B  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Weekday -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiend 

Capacity 

Load 

Load 

Dei and 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

(Ton) 

(Ten) 

(kH) 

i Ton-Hr) 

14 

76.6 

66.0 

456.6 

0.0 

0.0 

4,701 

456.6 

0.0 

0.0 

4,701 

15 

78.0 

67.1 

465.5 

0.0 

0.0 

4,232 

465.5 

0.0 

0.0 

4,231 

16 

78.5 

67.5 

514.5 

0.0 

0.0 

3,714 

514.5 

0.0 

0.0 

3,714 

17 

7S.2 

67.9 

550.9 

0.0 

0.0 

3,160 

550.9 

0.0 

0.0 

3,160 

18 

77.5 

68. 0 

499.0 

499.0 

341.4 

3,160 

499.0 

499.0 

341.4 

3,160 

19 

76.3 

69.3 

379.7 

379.7 

269.3 

3,160 

379.7 

379.7 

269.3 

3,160 

20 

74.7 

70.0 

348.0 

348.0 

3,160 

348.0 

34B.0 

252.5 

3,160 

21 

72.7 

69,0 

290.0 

290.0 

216.9 

3,160 

290.0 

290.0 

216.9 

3,160 

22 

70.6 

67.3 

190.0 

190.0 

161.7 

3,160 

190.0 

190.0 

161.7 

3,160 

23 

68. 3 

65.4 

121.4 

121.4 

127.0 

3,160 

121.4 

121.4 

127.0 

3,160 

24 

66.1 

63.6 

104.2 

104.2 

117.3 

3,160 

104.2 

104.2 

117.3 

3,160 

Sunday  - -  - Honday  — 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

CoDling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Deeand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

im 

(Tcn-Hr j 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

1 

63.9 

61.5 

0.0 

625.0 

566 . 6 

3,782 

0.0 

625.0 

5^6 . 6 

3,782 

2 

62.0 

59.7 

0.0 

625.0 

55B.7 

4,404 

0.0 

625.0 

558.7 

4,404 

3 

60.4 

58.4 

0.0 

625.0 

553.3 

5,026 

0.0 

625.0 

553.3 

5,026 

4 

59.2 

57.1 

0.0 

625.0 

54S.0 

5,647 

0.0 

625.0 

548.0 

5,647 

5 

58.4 

56.3 

0.0 

357.9 

m.i 

6,000 

0.0 

357.9 

294.7 

6,000 

6 

58.2 

56.1 

0.0 

0.0 

0.0 

6 , 000 

0.0 

0.0 

0.0 

6,000 

7 

58.7 

56.7 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

B 

60.1 

57.9 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

62.4 

58.6 

79.2 

79.2 

100.6 

6,000 

79.2 

79.2 

100.6 

6,000 

10 

65.2 

59.6 

142.9 

142,9 

127.9 

6,000 

142.9 

142.9 

127.9 

6,000 

11 

68.3 

61.1 

275.3 

275.3 

190,4 

6,000 

275.3 

275.3 

190.4 

6,000 

12 

71.5 

62.7 

415.0 

0.0 

0.0 

5,580 

415.0 

0.0 

0.0 

5,580 

13 

74.3 

64.6 

414.3 

0.0 

0.0 

5,161 

414.3 

0.0 

0.0 

5,161 

14 

76.6 

66.0 

456.6 

0.0 

0.0 

4J01 

456.6 

0.0 

0.0 

4,701 

15 

78.0 

67.1 

465.5 

0.0 

0.0 

4,231 

465.5 

0.0 

0.0 

4,231 

16 

78.5 

67.5 

514.5 

0,0 

0.0 

3,714 

514.5 

0.0 

0.0 

3,714 

17 

78.2 

67.9 

550.9 

0.0 

0.0 

3,160 

550.9 

0.0 

0.0 

3,160 

IB 

77.5 

68.0 

499.0 

499.0 

341.4 

3,160 

499.0 

499.0 

341.4 

3,160 

19 

76.3 

69.3 

379.7 

379.7 

269.3 

3,160 

379.7 

379.7 

269.3 

3,160 

20 

74.7 

70.0 

348.0 

348.0 

252.5 

3,160 

348.0 

348.0 

252.5 

3,160 

21 

72.7 

69.0 

290.0 

290,0 

216.9 

3,160 

290.0 

290.0 

216.9 

3,160 

22 

70.6 

67.3 

190.0 

190.0 

161.7 

3,160 

190.0 

190.0 

161.7 

3,160 

23 

68.3 

65.4 

121.4 

121.4 

127.0 

3,160 

121.4 

121.4 

127.0 

3,160 

24 

66.1 

63.6 

104.2 

104.2 

117.3 

3,160 

104.2 

104.2 

117.3 

3,160 

ECO  IT-4 


Trane  Air  Conditioning  Econoiics 
6yj  C.D.S.  HARKET1N6 

COLD  THEfiHAL  ST0RA6E  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 

BUILD  IN6  COOLINB  DEHANDS  AND  THERHAL  STORABE 

June 


V  600 
RASE  25 


Deeign 


Design 

CoDling 

Chiller 

Chiller 

storage 

OADB 

OAHB 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Tonj 

(kN) 

(Ton-Hr) 

1 

68.7 

65.1 

0.0 

0.0 

0.0 

6,000 

2 

67.8 

64.4 

0.0 

0.0 

0.0 

6,000 

3 

67.0 

63,5 

0.0 

0.0 

0.0 

6,000 

4 

66.4 

62.7 

0.0 

0,0 

0.0 

6,000 

66.3 

62.7 

0.0 

0,0 

0.0 

6,000 

6 

66.6 

63.7 

0.0 

0.0 

0.0 

6,000 

7 

67.6 

64.5 

0.0 

0.0 

0.0 

6,000 

8 

69.3 

65.1 

0.0 

0.0 

0.0 

6,000 

9 

71.B 

66.0 

0.0 

0.0 

0.0 

6,000 

10 

74.6 

67.6 

109.2 

109.2 

101.4 

6,000 

11 

77. B 

69.8 

241.8 

241.8 

168.0 

6,000 

12 

80.9 

71.9 

384.5 

0.0 

0.0 

5,611 

13 

83.2 

73.5 

353.7 

0.0 

0.0 

c.  '/cn 

J  J* 

14 

84.7 

74.4 

435.0 

0.0 

0,0 

4,813 

15 

85.3 

74.6 

542.1 

0.0 

0.0 

4,267 

16 

84.7 

74.5 

682.4 

0.0 

0.0 

3,582 

17 

83.4 

73.5 

806.8 

0.0 

0.0 

2,772 

18 

81.3 

71.5 

768.0 

635.0 

449.1 

2,639 

19 

7B.8 

70.1 

652.3 

635.0 

444.0 

2,622 

20 

76.3 

70.0 

591.1 

591.1 

405.7 

2,622 

21 

74.2 

69.5 

546.4 

546.4 

367.2 

2,622 

22 

72.3 

68.7 

422.4 

422.4 

272.8 

2,622 

23 

70.8 

67.1 

0.0 

490.0 

465.  B 

3,110 

'  24 

69.7 

65.6 

0.0 

490.0 

460.7 

3,597 

wB 

w  w  r  U  c  T 

Typ 

ical 

Cooling 

Chiller 

Chiller 

Stcr a^e 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

iF) 

(Ton) 

(Ton! 

(kN) 

(Ton-Hr] 

(Tor) 

(Tor) 

m 

(Ton-Hr) 

1 

67.6 

65.3 

0.0 

490.0 

458.8 

4,084 

0.0 

490.0 

458.8 

3,934 

2 

66.0 

63.9 

0.0 

490.0 

453.5 

4,571 

0.0 

490.0 

453.5 

4,421 

3 

64.6 

62.4 

0.0 

490.0 

448.0 

5,057 

0.0 

490.0 

448. 0 

4,907 

4 

63.7 

61.3 

0.0 

490.0 

■444.1 

5,543 

0.0 

490.0 

444.1 

5,393 

5 

63.0 

60.8 

0.0 

461.3 

409.6 

6,000 

0.0 

490.0 

442.4 

5,879 

6 

62.8 

61.2 

0.0 

0.0 

0.0 

6,000 

0.0 

125.7 

127.0 

6,000 

7 

63.4 

61.7 

0.0 

0 . 0 

0.0 

6,000 

0,0 

0.0 

0 . 0 

6 , 000 

8 

65.1 

62.3 

0.0 

0.0 

0.0 

6,000 

0.0 

0,0 

0.0 

6,000 

9 

67.6 

63 . 3 

c.o 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

10 

70.7 

65.2 

286.9 

286.9 

182.6 

6,000 

286.9 

286.9 

132 . 6 

6,000 

11 

74.0 

67.5 

432.3 

432 . 3 

276.5 

6,000 

432.3 

432.3 

276.5 

6,000 

12 

77.1 

69.8 

557.6 

0.0 

0.0 

557.6 

0.0 

0,0 

5,438 

13 

79.6 

71.6 

535.2 

0.0 

0.0 

4 , 393 

535 . 2 

0.0 

0.0 

4,898 

Trane  Air  Conditioning  Econoiics 
By:  C.D.E.  MARKETINB 
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COLD  THERHAl  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 


Weekday . . Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWF 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Deiend 

Capacity 

Hour 

(F) 

(F) 

{Ton! 

(Ton! 

m 

(Ton-Hr) 

{Ton! 

(Ton) 

(kN) 

(Ton-Hr) 

14 

Bh3 

72.7 

534.2 

0.0 

0.0 

4,360 

534.2 

0.0 

0.0 

4,360 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

3,795 

561.4 

0.0 

0.0 

3,795 

16 

81.6 

73.1 

609.6 

0.0 

0.0 

3,182 

609.6 

0.0 

0.0 

3,182 

17 

81.0 

72.7 

678.8 

0.0 

0.0 

2,501 

678.8 

0.0 

0.0 

2,501 

18 

80.0 

71.6 

665.1 

635.0 

449.5 

2,471 

665.1 

635.0 

449.5 

2,471 

19 

78.7 

71.3 

542.0 

542.0 

369,4 

2,471 

542.0 

542.0 

369.4 

2,471 

20 

77.1 

72.0 

496.4 

496.4 

335.5 

2,471 

496.4 

496.4 

335.5 

2,471 

21 

75.3 

71. B 

448.1 

448,1 

298.9 

2,471 

448.1 

448.1 

298.9 

2,471 

22 

73.3 

71.0 

33B.5 

338.5 

225.0 

2,471 

338.5 

338.5 

225.0 

2,471 

23 

71.3 

68.9 

0.0 

490.0 

473.0 

2,959 

0.0 

490.0 

473.0 

2,959 

24 

69.4 

66. B 

0.0 

490.0 

464.6 

3,447 

0.0 

490.0 

464.6 

3,447 

Sunday -  - Monday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAWB 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F! 

(F! 

{Ton! 

(Ton) 

(kN! 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Ton-Hr) 

t 

67.6 

65.3 

0.0 

490.0 

458.8 

3,934 

0.0 

490.0 

458. S 

3,934 

2 

66.0 

63.9 

0.0 

490.0 

453.5 

4,421 

0.0 

490.0 

453.5 

4,421 

3 

64.6 

62.4 

0.0 

490.0 

44B.0 

4,907 

0.0 

490.0 

443.0 

4,907 

4 

63.7 

61.3 

0,0 

490.0 

444.1 

5,393 

0.0 

490.0 

444.1 

5,393 

5 

63.0 

60,8 

0.0 

490.0 

442.4 

5,879 

0.0 

490.0 

442.4 

5,879 

6 

62.8 

61.2 

0.0 

125.7 

127,0 

6,000 

0.0 

7 

127.0 

6,000 

7 

63.4 

61.7 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

6 

65.1 

62.3 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

67.6 

63.3 

0.0 

0.0 

0,0 

6,000 

0.0 

0.0 

0.0 

6,000 

10 

70.7 

65.2 

286.9 

286.9 

182.6 

6,000 

286.9 

286. 9 

182.6 

6,000 

11 

74.0 

67.5 

432.3 

432.3 

276,5 

6,000 

432.3 

432.3 

276.5 

6,000 

12 

77.1 

69.8 

557.6 

0.0 

0.0 

5,438 

557.6 

0.0 

0.0 

5,438 

13 

79.6 

71.6 

535.2 

0.0 

0.0 

4,898 

535.2 

0.0 

0.0 

4,898 

14 

81.3 

72.7 

534.2 

0.0 

0.0 

4,360 

534.2 

0.0 

0.0 

4,360 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

3,795 

561.4 

0.0 

0.0 

3,795 

16 

81.6 

73.1 

609.6 

0.0 

0.0 

3,182 

609.6 

0.0 

0.0 

3,182 

17 

81.0 

72.7 

678.8 

0.0 

0.0 

2,501 

678.8 

0.0 

0.0 

2,501 

18 

80.0 

71.6 

665.1 

635.0 

449.5 

2,471 

665.1 

635.0 

449.5 

2,471 

19 

78.7 

71.3 

542.0 

542.0 

369.4 

2,471 

542.0 

542.0 

369.4 

2,471 

20 

77.1 

72.0 

496.4 

496.4 

335.5 

2,471 

496.4 

496.4 

335.5 

2,471 

21 

75.3 

71.8 

448.1 

448.1 

298.9 

2,471 

448,1 

443.1 

298.9 

2,471 

22 

73.3 

71.0 

338.5 

338.5 

225.0 

2,471 

338.5 

338.5 

225.0 

2,471 

23 

71.3 

68.9 

0.0 

490.0 

.473.0 

2,959 

0.0 

490.0 

473.0 

2,959 

24 

69.4 

66.8 

0.0 

490.0 

464.6 

3,447 

0.0 

490.0 

464.6 

3,447 

Trane  Air  Conditicning  Econoiics 
By:  C.D.S.  HARKETINS 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE - 

July 


Design 


Des 

ign 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Lead 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

1 

73.4 

68.8 

0.0 

490.0 

472.6 

3,934 

2 

72.3 

67.9 

0.0 

490.0 

468.9 

4,421 

3 

71,4 

67.2 

0.0 

490.0 

466.2 

4,907 

4 

70.7 

67,0 

0.0 

490.0 

465.4 

5,393 

5 

70.5 

66.9 

0.0 

490.0 

465.0 

5,879 

6 

71.0 

67,4 

0.0 

125.7 

136.7 

6,000 

7 

72.1 

68.4 

0.0 

0.0 

0.0 

6,000 

8 

■  74.1 

69.3 

0.0 

0.0 

0.0 

ijOOO 

9 

77.0 

70.1 

0.0 

0.0 

0.0 

6,000 

10 

80,4 

71,4 

494.4 

494.4 

332.2 

6,000 

11 

84.2 

73.3 

672.3 

635.0 

455.9 

5,963 

12 

87.8 

75.5 

775.6 

0.0 

0.0 

5482 

13 

90.5 

76.5 

733.0 

0.0 

0.0 

4,445 

14 

92.3 

76.3 

763,3 

0.0 

0.0 

3,676 

15 

93.0 

77.0 

805.4 

0.0 

0.0 

2,870 

16 

92.3 

76.7 

891.8 

0.0 

0,0 

1,976 

17 

90.8 

75.3 

889.6 

0.0 

0.0 

1,035 

18 

88.3 

74.2 

860.2 

635.0 

459.3 

860 

19 

85.4 

72.9 

714.1 

635.0 

454.3 

780 

20 

82.4 

73.4 

680.5 

635.0 

456.2 

735 

'  21 

80.0 

73.0 

641.2 

635.0 

454.7 

729 

22 

77.7 

72.3 

559.5 

559.5 

387.0 

729 

23 

75.9 

70,6 

0.0 

490.0 

479.9 

1,218 

24 

74.6 

69.4 

0.0 

490.0 

U- 

475.0 

t  7A7 

_ 

- 

Jd  'wU-  MCJ 

Typical 

Ceding 

Chiller 

Chiller 

storage 

Cooling 

Chiller 

Chiller 

storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Lead 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ten) 

(Ton) 

(kt() 

(Ton-Hr) 

(Ton) 

(Ton) 

(ktf) 

(Ton-Hr) 

1 

74.3 

71.0 

0.0 

490.0 

481.6 

2,196 

0.0 

490.0 

481.6 

3,194 

2 

71.9 

68.8 

0.0 

490.0 

472.6 

2,684 

0.0 

490.0 

472.6 

3,681 

3 

69.9 

67,0 

0.0 

490.0 

465.4 

3,172 

0.0 

490.0 

465.4 

4,168 

4 

63.3 

65.9 

0.0 

490.0 

461.1 

3,659 

0.0 

490.0 

461.1 

4,655 

5 

67.4 

65.2 

0.0 

490.0 

.458.4 

4,147 

0.0 

490.0 

458.4 

5,141 

6 

67.0 

64.9 

0.0 

490.0 

457.3 

4 , 633 

0.0 

490.0 

457.3 

5,627 

7 

67.5 

65.3 

0.0 

490.0 

458.8 

5,120 

0.0 

377.3 

335.3 

6,000 

B 

68.8 

65.6 

0 . 0 

490.0 

459.9 

5 . 605 

0.0 

0.0 

0,0 

6,000 

9 

70.9 

65.7 

0.0 

399.0 

358.7 

6,000 

0.0 

0.0 

0.0 

6,000 

10 

73,6 

66.5 

305.3 

305.3 

195.4 

6,000 

305.3 

305.3 

195.4 

6,000 

11 

76.7 

67.9 

454,0 

454.0 

292.7 

6,000 

454.0 

454.0 

292.7 

A  Ann 

tar  ^  V  -  i.' 

12 

79.9 

69.9 

581.5 

0.0 

0.0 

5,414 

581.5 

0.0 

0,0 

5,4!4 

13 

S3.0 

71,3 

563.2 

0.0 

0.0 

4,846 

563.2 

0.0 

0.0 

9,846 

Trane  Air  Conditioning  Econoaics 
By:  C.D.S.  SARKETIHB 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  A 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 


—  Neekday . . . Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(Fi 

(Ton) 

(Ton) 

(kNl 

(Ton -Hr) 

(Ton! 

(Ton) 

(k«! 

(Ton -Hr) 

H 

B5.7 

72.5 

597.7 

0,0 

0.0 

4,2A5 

597.7 

0.0 

0.0 

4,245 

15 

87. S 

73.9 

654.3 

0.0 

0.0 

3,587 

654.3 

0.0 

0.0 

3,587 

16 

89.1 

75.3 

737.3 

0.0 

0.0 

2,847 

737.3 

0.0 

0.0 

2,847 

17 

89.5 

75.5 

810.6 

0.0 

0.0 

2,034 

810.6 

0.0 

0.0 

2,034 

18 

89. 2 

76.2 

803.8 

635.0 

467.1 

1,865 

803.8 

635.0 

467.1 

1,865 

1? 

88.3 

76.7 

700.3 

635.0 

469.1 

1,800 

700.3 

635.0 

469.1 

1,800 

20 

86.7 

78.6 

684.0 

635.0 

476.7 

1,751 

684.0 

635.0 

476.7 

21 

84.7 

7B.8 

656.5 

635.0 

477.5 

1,729 

656.5 

635.0 

477.5 

1,729 

22 

82.3 

7B.0 

549.7 

549.7 

397.9 

1,729 

549,7 

549,7 

397.9 

1,729 

23 

79.6 

75.4 

0.0 

490.0 

500.4 

2,218 

0.0 

490.0 

500.4 

2,218 

24 

78.9 

73.0 

0.0 

490.0 

490.0 

2,706 

0.0 

490.0 

490.0 

2,706 

-  5unoay  - 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OA«B 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F! 

(Ten! 

(Ton) 

(kN! 

(Ton -Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr! 

1 

74.3 

71,0 

0.0 

490.0 

481.6 

0,0 

490.0 

481.6 

3,194 

■? 

71.9 

68.8 

0.0 

490.0 

472.6 

3,681 

0.0 

490,0 

472.6 

3,681 

3 

69.9 

67.0 

0.0 

490.0 

465.4 

4,168 

0.0 

490.0 

465.4 

4,168 

4 

iS.3 

65.9 

0.0 

490.0 

461.1 

4 , 655 

0.0 

490.(1 

461.1 

4,655 

5 

67.4 

65.2 

0.0 

490.0 

459.4 

5,141 

0.0 

490.0 

458. 4 

5,141 

6 

67.0 

64.9 

0.0 

490.0 

457.3 

5,627 

0,0 

490.0 

457.3 

5,627 

7 

67.5 

65.3 

c.o 

377.3 

335.3 

6,000 

0.0 

377.3 

335.3 

6,000 

8 

68.8 

65.6 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

70.9 

65.7 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

10 

73.6 

66.5 

305.3 

305.3 

195.4 

6,000 

305.3 

305.3 

195.4 

6,000 

11 

78.7 

67.9 

454.0 

454.0 

292.7 

6,000 

454.0 

454.0 

292.7 

6,000 

12 

79.9 

69.9 

581.5 

0.0 

0.0 

5,414 

581.5 

0.0 

0.0 

5,414 

13 

B3.0 

71.3 

563.2 

0.0 

0.0 

4,846 

563.2 

0.0 

0.0 

4,946 

14 

85.7 

72.5 

597.7 

0.0 

0.0 

4,245 

597.7 

0.0 

0.0 

4,245 

15 

87.8 

73.9 

654.3 

0.0 

0.0 

3,587 

654.3 

0.0 

0.0 

3,587 

16 

89.1 

75.3 

737.3 

0.0 

0.0 

2,847 

737.3 

0.0 

0.0 

2,847 

17 

89.5 

75.5 

810.6 

0.0 

0.0 

2,034 

910.6 

0.0 

0.0 

2,034 

18 

89.2 

76.2 

803.8 

635.0 

467.1 

1,865 

803.8 

635.0 

467.1 

1,865 

19 

88.3 

76.7 

700.3 

635.0 

469.1 

1,800 

700,3 

635.0 

469.1 

1,800 

20 

86.7 

78.6 

684.0 

635.0 

476.7 

1,751 

684.0 

635,0 

476.7 

1,751 

21 

84.7 

78.8 

656.5 

635.0 

477.5 

1,729 

656.5 

635.0 

477.5 

1,729 

22 

82.3 

78.0 

549.7 

549.7 

397.9 

1  T)Q 

549.7 

549.7 

397.9 

1,729 

23 

79.6 

75.4 

0.0 

490.0 

'500.4 

2,218 

0.0 

490.0 

500.4 

2,218 

24 

76.9 

73.0 

0.0 

490.0 

490.0 

2,706 

0.0 

490.0 

490.0 

2,706 

V  60(1 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEHANDS  AND  THERHAL  STORAGE - 

August 


Trane  Air  Conditioning  Econoaics 
By:  C.D.S.  HARKETINB 


Design 


Desi 

gn 

Coding 

Chiller 

Chiller 

Storage 

OADB 

DANB 

Load 

Load 

Deftand 

Capacity 

Hour 

{FJ 

(FI 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

1 

70.5 

64.5 

0.0 

490.0 

455.7 

3,194 

2 

69.5 

63,5 

0.0 

490.0 

452.0 

3,681 

3 

68.7 

63.0 

0.0 

490.0 

450.2 

4,168 

4 

6S.1 

62.4 

0.0 

490.0 

448.0 

4,655 

5 

67.9 

62.6 

0.0 

490.0 

448.7 

5,141 

6 

68.3 

63.2 

0.0 

490.0 

450.9 

5,627 

-  7 

69.3 

64.1 

0.0 

377.3 

331.6 

6,000 

8 

71.1 

64.9 

0.0 

0.0 

0.0 

6,000 

9 

73.7 

66.1 

0.0 

0.0 

0.0 

6,000 

10 

76.8 

67,2 

406.9 

406.9 

258.7 

6,000 

11 

80.2 

68.9 

583.6 

583.6 

395.7 

6,000 

12 

83.4 

70.6 

695.3 

0.0 

0.0 

k’  ,  v'  V  V 

13 

85.8 

71.5 

664.3 

0.0 

0.0 

4,631 

14 

87.5 

72.5 

698.6 

0.0 

0,0 

3,929 

15 

88.1 

72.7 

727.3 

0.0 

0.0 

3,199 

16 

87.5 

71.7 

794.2 

0.0 

0.0 

2,402 

17 

86.0 

70.6 

806.4 

0.0 

0.0 

1,593 

18 

83.8 

69.7 

758.7 

635.0 

442.5 

\  i7n 

*  j ' " 

19 

81.2 

68.5 

598.2 

598.2 

406.7 

1,470 

20 

78.6 

68.7 

545.2 

545.2 

363.8 

1,470 

'  21 

76.4 

68.8 

454.4 

454.4 

295.4 

1,470 

22 

74.3 

67.6 

321.1 

321.1 

206.7 

1,470 

23 

72.7 

66.4 

0.0 

490,0 

463.0 

1,959 

24 

71.5 

65.3 

0.0 

490.0 

458.8 

2,447 

-  peek day  - 

wC  wiirOc  J 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deaand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Toni 

m 

(Ton-Hr) 

(Ton) 

(Ton) 

{k«) 

(Ton-Hr) 

1 

70.1 

65.3 

0.0 

490.0 

458.8 

2,935 

0.0 

490.0 

458.8 

4,066 

2 

68.2 

63.5 

0.0 

490.0 

452.0 

3,423 

0.0 

490.0 

452.0 

4,553 

3 

66.6 

62.2 

0.0 

490.0 

447.3 

3,910 

0.0 

490.0 

447.3 

5,039 

4 

65.4 

61.1 

0.0 

490.0 

443.4 

4,397 

0.0 

490.0 

443.4 

5,525 

5 

64.6 

60.7 

0.0 

490.0 

442.0 

4,883 

0.0 

479.3 

429.7 

6,000 

6 

64.4 

60.7 

0.0 

490.0 

442,0 

5,369 

0.0 

0.0 

0.0 

6,000 

7 

64.9 

61.2 

0.0 

490.0 

443.8 

5,855 

0.0 

0.0 

0.0 

6,000 

8 

66.3 

61.6 

0.0 

149.6 

142.6 

6 , 000 

0 . 0 

0.0 

0.0 

6  <  000 

9 

68.5 

62.5 

0.0 

0.0 

0.0 

6’ 000 

0.0 

0.0 

0.0 

6,000 

10 

71.4 

63.6 

250.5 

250.5 

160.7 

6,000 

250.6 

250.6 

160.7 

6,000 

11 

74.5 

65.1 

396.0 

396.0 

246.6 

6,000 

396.0 

396.0 

246.6 

6,000 

12 

77.6 

66,8 

504.8 

0.0 

0.0 

5,490 

504.3 

0.0 

0.0 

5,490 

13 

80.5 

68.2 

495.1 

0.0 

0.0 

4,991 

495.1 

0.0 

0.0 

4,991 

Trane  Air  Conditioning  Econotics 
By:  C.D.S.  «ARKETIN6 


V  600 
PASE  30 


COLD  THER«AL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 


Neelrday  - 


Saturday  — 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

{(:«) 

(Ton-Hr) 

(Toni 

(Ton) 

(!i«! 

(Tcn-Hr} 

n 

82.7 

69.7 

525.9 

0.0 

0.0 

4,461 

525.9 

0.0 

0.0 

4,461 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

3,895 

562.3 

0.0 

0.0 

3,895 

16 

84.6 

70.5 

612.6 

0.0 

0.0 

3,279 

612.6 

0.0 

0.0 

3,279 

17 

84.4 

70.4 

668.2 

0.0 

0.0 

2,609 

668.2 

0.0 

0.0 

2,609 

18 

83.6 

70.7 

640.3 

635.0 

446.2 

2,603 

640.3 

635.0 

446.2 

2,603 

19 

82.4 

70.7 

496.1 

496.1 

331.5 

2,603 

496.1 

496.1 

331.5 

2,603 

20 

80.8 

71.9 

476.3 

476.3 

319.9 

2,603 

476.3 

476.3 

319.9 

2,603 

21 

78.9 

72.4 

433,7 

433.7 

290.2 

2,603 

433.7 

433.7 

290.2 

2,603 

22 

76.8 

71.1 

330.5 

330.5 

220.5 

2,603 

330.5 

330.5 

220.5 

2,603 

23 

74.5 

69.3 

0.0 

490.0 

474,6 

3,091 

0.0 

490.0 

474.6 

3,091 

24 

72.2 

67,2 

0.0 

490.0 

c 

466.2 

3,579 

0.0 

490.0 

M 

466.2 

3,579 

^  "  sunuey  - - 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANE 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

{Ft 

(Ft 

(Ton) 

(Ton) 

(ktii 

(Tcn-Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

1 

70.1 

65.3 

0.0 

490.0 

458. S 

4,066 

G.O 

490.0 

455. S 

4,066 

2 

68.2 

63.5 

0.0 

490,0 

452.0 

4,553 

0.0 

490.0 

452.0 

4,553 

3 

66.6 

62.2 

0.0 

490.0 

447.3 

5,039 

0.0 

490.0 

447.3 

5,039 

i 

65.4 

61.1 

0.0 

490.0 

443.4 

5,525 

0.0 

490.0 

443.4 

5,525 

5 

64.6 

60.7 

0.0 

479.4 

429.7 

6,000 

0.0 

479.4 

429.7 

6,000 

6 

64.4 

60.7 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

7 

M.9 

61.2 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

B 

66.3 

61.6 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

0 

68.5 

62.5 

0.0 

0.0 

0.0 

6 , 000 

0.0 

0,0 

0.0 

6,000 

10 

71.4 

63.6 

250.6 

250.6 

160.7 

6,000 

250.6 

250.6 

160.7 

6,000 

11 

74,5 

65.1 

396.0 

396.0 

246.6 

6,000 

396,0 

396.0 

246.6 

6,000 

12 

77.6 

66.8 

504,8 

0.0 

0.0 

5,490 

504.8 

0.0 

0.0 

5,490 

13 

80.5 

68.2 

495.1 

0.0 

0.0 

4,991 

495.1 

0,0 

0.0 

4,991 

14 

82.7 

69.7 

525.9 

0.0 

0.0 

4,461 

525.9 

0.0 

0.0 

4,461 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

3,895 

562.3 

0.0 

G.O 

3,895 

16 

84.6 

70.5 

612.6 

0.0 

0.0 

3,279 

612.6 

0.0 

G.O 

3,279 

17 

84.4 

70.4 

668.2 

0.0 

0.0 

2,609 

66S.2 

0.0 

0.0 

2,609 

18 

8^5.6 

70.7 

640.3 

635.0 

446.2 

2,603 

640.3 

635.0 

446.2 

2,603 

19 

82.4 

70.7 

496.1 

496.1 

331.5 

2,603 

.  496.1 

496.1 

331.5 

2,603 

20 

80.8 

71.9 

476.3 

476.3 

319.9 

2,603 

476.3 

476.3 

319.9 

2,603 

21 

7B.9 

72.4 

433.7 

433.7 

290.2 

2,603 

433.7 

433.7 

290.2 

2,603 

22 

76.8 

71.1 

330.5 

330.5 

220. 5 

2,603 

330.5 

330.5 

2,603 

23 

74.5 

69.3 

0.0 

490.0 

474.6 

3,091 

0.0 

490.0 

474.6 

3,091 

24 

72.2 

67.2 

0.0 

490.0 

466.2 

3,57? 

0.0 

490.0 

466.2 

3,579 

Trane  Air  Conditioning  Econoaic: 
By:  C.D.S.  HARKETINB 
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COLD  THEROAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 

— -  building  COOLING  DEHANDS  AND  THERHAL  STORAGE 

Septesbpr 


Desigri 


Design 

Cooling 

Chiller 

Chiller 

storage 

OADB 

OAHB 

Lodd 

Load 

Deiand 

Capacity 

lour 

(F) 

(F) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr! 

i 

64.3 

60.7 

0.0 

490.0 

442.0 

4,066 

2 

63.3 

59.8 

0.0 

490,0 

439,0 

4,553 

3 

G2.4 

59.2 

0.0 

490.0 

437.0 

5,039 

4 

61.8 

58.5 

0.0 

490.0 

434.7 

5,525 

1 

61. i 

58.3 

0.0 

479.4 

421.9 

6,000 

6 

62.0 

58.7 

0.0 

0.0 

0.0 

6,000 

7 

63.1 

59.8 

0.0 

0.0 

0.0 

6,000 

8 

64.9 

61.3 

0.0 

0,0 

0.0 

6,000 

9 

67.5 

62.3 

0.0 

0.0 

0.0 

6,000 

10 

70.6 

63.4 

305.6 

305.6 

189.1 

6,000 

11 

74.0 

65.1 

491.7 

491.7 

312.5 

6,000 

12 

77.3 

66 . 6 

611.3 

0.0 

0.0 

5,384 

13 

79.7 

63.1 

579.7 

0.0 

0.0 

4,300 

14 

ei.3 

68. 9 

596.3 

0,0 

0.0 

4,200 

15 

81,9 

69.3 

623.8 

0.0 

0.0 

"7  n? 
bT  ,  w<  /  0 

16 

81.3 

68.8 

684,1 

0.0 

0.0 

2,886 

17 

79.9 

68.2 

694.6 

0.0 

0.0 

2,189 

18 

77.7 

67.0 

653  r  5 

635.0 

433 . 1 

2,170 

19 

75.0 

66.9 

506.2 

506.2 

328.2 

2,170 

20 

72.4 

66.6 

369.5 

369.5 

233.3 

2,170 

21 

70.2 

65.3 

283.2 

283.2 

180.9 

2,m 

22 

68.1 

63.7 

169.8 

169.8 

122.8 

2,170 

23 

66.5 

62.5 

0.0 

490.0 

448.4 

2,653 

24 

65.3 

61.6 

0.0 

490.0 

445.2 

3,146 

Tvpicsl 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OA^B 

Load 

Load 

Deft and 

Capacity 

Load 

Load 

Deiiand 

Capacity 

Hour 

(F) 

(F) 

(Ton! 

(Ton! 

(kN) 

(Ton-Hr) 

(Ton) 

(Ton) 

{k«! 

(Ton-Hr) 

1 

63.9 

61.5 

0.0 

490,0 

444.8 

3 , 634 

0.0 

490.0 

444.8 

4,621 

2 

62.0 

59.7 

0.0 

490.0 

438.6 

4,121 

0.0 

490.0 

438.6 

5,108 

3 

60.4 

58.4 

0.0 

490.0 

434.4 

4,608 

0.0 

490.0 

434.4 

5,594 

4 

59.2 

57,1 

0.0 

490.0 

430.3 

5,094 

0.0 

411.0 

344.7 

6,000 

5 

58.4 

56,3 

0.0 

490.0 

.  427.9 

5,580 

0.0 

0.0 

0.0 

6,000 

6 

59.2 

56.1 

0.0 

424.6 

356.0 

6,000 

0.0 

0.0 

0.0 

6,000 

7 

58.7 

56.7 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

8 

60 . 1 

57.9 

0.0 

0.0 

0,0 

A  ^()00 

0.0 

O.G 

0.0 

6,000 

9 

62.4 

59.6 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

10 

65.2 

59.6 

142.2 

142.2 

105.9 

6,000 

142.9 

142.9 

106.1 

6 , 000 

11 

68.3 

61.1 

275.3 

275.3 

168.6 

6,000 

275 . 3 

275.3 

163.6 

6 , 000 

12 

71.5 

62.7 

415.0 

0.0 

(j ,  0 

5,530 

415.0 

0.0 

0.0 

5,580 

13 

74.3 

64.6 

413.9 

0.0 

0.0 

5,162 

414.3 

0.0 

0.0 

5,161 

Trane  Air  Conditioning  Econotic 
By:  C.B.S,  HARKETINS 


V  600 
PABE  32 


COLD  THERMAL  ST0RA6E  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 


Weekday -  - Saturday  — 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

DADB 

DAWB 

Load 

Load 

Deiand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

(Ton) 

(Ton! 

im 

(Tcn-Hrj 

14 

76.6 

66.0 

456.6 

0.0 

0.0 

4,701 

456.6 

0.0 

0.0 

4,701 

15 

78.0 

67.1 

465,5 

0.0 

0.0 

4,232 

465.5 

0.0 

0.0 

4,231 

16 

7B.5 

67,5 

514.5 

0.0 

0.0 

3,714 

514.5 

0.0 

0.0 

3,714 

17 

78.2 

67.9 

550.9 

0.0 

0.0 

3,160 

550.9 

0.0 

0.0 

3,160 

18 

77,5 

68.0 

499,0 

499.0 

325,9 

3,160 

499.0 

499.0 

325.9 

3,160 

19 

76.3 

69.3 

379,7 

379.7 

245.9 

3,160 

379.7 

379.7 

245.9 

3.160 

20 

74.7 

70.0 

348. 0 

348.0 

228.3 

3,160 

348.0 

348.0 

228.3 

3,160 

21 

72.7 

69.0 

290.0 

290.0 

192.4 

3,160 

290.0 

290.0 

192.4 

3,160 

22 

70.6 

67.3 

190.0 

190.0 

137.7 

3,160 

190.0 

190.0 

UIJ 

3,160 

23 

68.3 

65.4 

0.0 

490.0 

459.2 

3,648 

0.0 

490.0 

459.2 

3,647 

24 

66.1 

63.6 

0.0 

490.0 

452.4 

4,135 

0.0 

490.0 

452.4 

4,134 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

0A«B 

Load 

Load 

Demand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F! 

(F) 

(Ton) 

(Ten) 

(kB) 

(Ton-Hr) 

(Ton) 

(Ton) 

m 

(Tcn-Hr) 

\ 

63.9 

61.5 

0.0 

490.0 

444.9 

4,021 

0.0 

490.0 

444.3 

4.621 

2 

62.0 

59.7 

0.0 

490.0 

438.6 

5,10? 

0.0 

490.0 

438.6 

5,107 

3 

60.4 

58.4 

0.0 

490.0 

434.4 

5,593 

0.0 

490.0 

434.4 

5,593 

4 

59.2 

57.1 

0.0 

411,3 

345.1 

i,000 

0.0 

411.3 

345.1 

6,000 

5 

58.4 

56.3 

0.0 

0.0 

0.0 

6,000 

0,0 

0.0 

G.O 

6,000 

6 

58.2 

56.1 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

7 

58.7 

56.7 

0.0 

0.0 

0.(1 

6,000 

0.0 

0.0 

0.0 

6,000 

8 

60.1 

57.9 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

9 

62.4 

58.6 

0.0 

0.0 

0.0 

6,000 

0.0 

0.0 

0.0 

6,000 

10 

65.2 

59.6 

142.9 

142.9 

106.1 

6,000 

142.9 

142.9 

106.1 

6,000 

11 

68.3 

61.1 

275.3 

275.3 

168.6 

6,000 

275.3 

275.3 

168.6 

6,000 

12 

71.5 

62.7 

415.0 

0.0 

0.0 

5,580 

415.0 

0.0 

0.0 

5,580 

13 

74.3 

64.6 

414.3 

0.0 

0.0 

5,161 

414.3 

0.0 

G.O 

5,161 

14 

76.6 

66.0 

456.6 

0.0 

0.0 

4,701 

456.6 

0.0 

0.0 

4,701 

15 

78.0 

67.1 

465.5 

0.0 

0.0 

4,231 

465.5 

0.0 

0,0 

4,231 

16 

78.5 

67.5 

514.5 

0.0 

0.0 

3,714 

514.5 

0.0 

0.0 

3,714 

17 

78.2 

67.9 

550.9 

0.0 

0.0 

3,160 

550.9 

0.0 

0.0 

3,160 

18 

77.5 

68.0 

499.0 

499.0 

325.9 

3,160 

499.0 

499.0 

325.9 

3,160 

19 

76.3 

69.3 

379.7 

379.7 

245.9 

3,160 

379.7 

379.7 

245.9 

3,160 

20 

74.7 

70.0 

348.0 

348.0 

228.3 

3,160 

348.0 

348.0 

228.3 

3,160 

21 

72.7 

69.0 

290.0 

290.0 

192,4 

3,160 

290.0 

290.0 

192.4 

3,160 

22 

70.6 

67.3 

190.0 

190.0 

137.7 

3,160 

190.0 

190.0 

137.7 

3,160 

23 

68.3 

65.4 

0.0 

490.0 

^  459.2 

3,647 

0.0 

490.0 

459.2 

3,647 

24 

66.1 

63.6 

0.0 

490.0 

452.4 

4,134 

0.0 

490.0 

452.4 

4,134 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DENANDS  AND  THERHAL  STORAGE - 

June 


Design 


Des 

ign 

Cooling 

Chiller 

Chiller 

storage 

OADB 

DANB 

Load 

Load 

Deft and 

Capacity 

Hour 

(F) 

(F! 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

1 

68.7 

65.1 

0.0 

0.0 

0.0 

4,500 

2 

67,8 

64.4 

0.0 

0.0 

0.0 

4 , 500 

3 

67.0 

63.5 

0.0 

0.0 

0.0 

4,500 

4 

66.4 

62.7 

0.0 

0.0 

0.0 

4,500 

5 

66.3 

62.7 

0.0 

0.0 

0.0 

4,500 

h 

66.6 

63.7 

0.0 

0.0 

0.0 

4,500 

7 

67.6 

64.5 

0.0 

0.0 

0.0 

4,500 

8 

69.3 

65.1 

0.0 

0.0 

0.0 

4,500 

9 

71.8 

66.0 

0.0 

0.0 

0.0 

4,500 

10 

74.6 

67.6 

109.2 

109.2 

98.1 

4,500 

11 

77.8 

69.8 

241.8 

241.8 

172.7 

i  «,nn 

1  ,  V 

12 

80.9 

71.9 

384.5 

334.5 

275.8 

4.500 

13 

B3.2 

73.5 

353.7 

0.0 

0.0 

4,143 

14 

84.7 

74.4 

435.0 

0.0 

0.0 

3,704 

15 

85.3 

74.6 

542.1 

0.0 

0.0 

3,159 

16 

84.7 

74.5 

682.4 

520.0 

403.3 

2,997 

17 

B3.4 

73.5 

806.8 

520.0 

399.9 

2,710 

18 

81.3 

71.5 

768.0 

520.0 

393.3 

2,462 

19 

78.8 

70.1 

652.3 

520.0 

388.9 

2,330 

20 

76.3 

70.0 

591.1 

520.0 

383.5 

2,259 

21 

74.2 

69.5 

546.4 

520.0 

387.0 

2,232 

-  22 

72.3 

68.7 

422.4 

422.4 

298.4 

2,232 

-  23 

70.8 

67.1 

0.0 

400.0 

379.7 

2,631 

24 

69.7 

65.8 

0.0 

400.0 

375.6 

3,023 

> ^ . _ 

wecKUdjr - 

us  kUruD  j 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Deeand 

Capacity 

Hour 

(F) 

(FI 

(Ton) 

(Ton) 

(k») 

(Ton-Hr) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

1 

67.6 

65.3 

0.0 

400.0 

374.0 

3,426 

0.0 

400.0 

374.0 

3,600 

2 

66.0 

63.9 

0.0 

400.0 

369.6 

3,823 

0.0 

400.0 

369.6 

3,997 

3 

64.6 

62.4 

0.0 

400.0 

365.1 

4,220 

0.0 

400,0 

365.1 

4,394 

4 

63.7 

61.3 

0.0 

283.1 

239.9 

4,500 

0.0 

109.6 

108.1 

4,500 

5 

63.0 

60.8 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

6 

62.8 

61.2 

0.0 

0.0 

0.0 

4,500 

0.0 

Q.O 

0.0 

4,500 

7 

63.4 

61.7 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0,0 

4,500 

8 

65.1 

62.3 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

9 

67.6 

A  3 , 3 

0.0 

0.0 

0 . 0 

4,500 

0.0 

0.0 

0.0 

4,500 

10 

70.7 

65.2 

286.9 

286.9 

191.3 

4,500 

286.9 

286.9 

191.4 

4,500 

11 

74.0 

67.5 

432.3 

432.3 

303.5 

4,500 

432.3 

432.3 

303.5 

4,500 

12 

77.1 

69.8 

557.6 

520.0 

387.9 

4.462 

557.6 

520.0 

387.9 

4,462 

13 

79.6 

71.6 

535.2 

0.0 

0.0 

3,924 

535.2 

0.0 

0.0 

3,924 

V  60 
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Trane  Air  Conditioning  Econoaics 
By:  C.D.S.  flARKETINS 

COLD  THERMAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Neekday - - -  - Saturday 


Typi 

-cal 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

DADB 

OANB 

Load 

Load 

Detand 

Capacity 

Load 

Load 

Detand 

Capacity 

Hour 

(F! 

(F) 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kti) 

(Ton*Hr) 

14 

81.3 

72.7 

534.2 

0.0 

0.0 

34386 

534.2 

0.0 

0.0 

3,386 

15 

81.8 

72.8 

561.4 

0.0 

0.0 

2.822 

561.4 

0.0 

0.0 

2,822 

16 

81.6 

73.1 

609.6 

520.0 

398.6 

2,733 

609,6 

520.0 

398.6 

2,733 

17 

81.0 

72,7 

678.8 

520.0 

397.3 

2,574 

678.8 

520.0 

397.3 

2,574 

IS 

80.0 

71.6 

665.1 

520.0 

393.7 

iOQ 

665,1 

520.0 

393.7 

2,429 

19 

78.7 

71.3 

542.0 

520.0 

392.7 

2,407 

542.0 

520.0 

392.7 

2,407 

20 

77.1 

72.0 

496.4 

496.4 

372.7 

2,407 

496.4 

496.4 

372.7 

2,407 

21 

75.3 

71.8 

448.1 

448.1 

326.5 

2,407 

443.1 

448.1 

328.5 

2,407 

22 

73.3 

71.0 

33B.5 

338,5 

238.5 

2,407 

338.5 

338.5 

238.5 

2,407 

23 

71.3 

68.9 

0.0 

400.0 

385.6 

2,805 

0.0 

400.0 

385,6 

2,805 

24 

69.4 

66. B 

0.0 

400.0 

378.8 

3,203 

0.0 

400.0 

378.8 

3,203 

sunudy  ”  — 

IIUMUB  J 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deaand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F! 

(F! 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

(Ton) 

(Ton) 

(kH) 

(Ton-Hr) 

t 

67.6 

65.3 

0.0 

400.0 

374.0 

3,600 

0.0 

400.0 

374.0 

3,600 

2 

66.0 

63.9 

0.0 

400.0 

369.6 

3,997 

0.0 

400.0 

369 . 6 

3,997 

3 

64.6 

62.4 

0.0 

400.0 

365.1 

4,394 

0.0 

400.0 

365.1 

4,394 

4 

63.7 

61.3 

0.0 

109.6 

108.1 

4,500 

0.0 

109.6 

108. 1 

4,500 

5 

63.0 

60.8 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

6 

62.8 

61.2 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

7 

63.4 

61,7 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

8 

65.1 

62.3 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

9 

67.6 

63.3 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

iO 

70.7 

65.2 

286.9 

286.9 

191.4 

4,500 

286.9 

286.9 

191.4 

4,500 

11 

74.0 

67.5 

432.3 

432.3 

303.5 

4,500 

432.3 

«2.3 

303.5 

4,500 

12 

77.1 

69,8 

557.6 

520.0 

387.9 

4,462 

557 , 6 

520.0 

387.9 

4,462 

79.6 

71.6 

535.2 

0.0 

0,0 

3,924 

535.2 

0.0 

0.0 

3,924 

14 

81.3 

72.7 

534.2 

e,o 

0.0 

3 , 386 

534.2 

0.0 

0.0 

3,386 

15 

81.8 

72. B 

561.4 

0.0 

0.0 

2,822 

561.4 

c.o 

0.0 

2,822 

16 

81.6 

73,1 

609.6 

520.0 

398.6 

2,733 

609 , 6 

520.0 

398,6 

2,733 

17 

81.0 

72.7 

678.8 

520.0 

397.3 

678.8 

*;?ri  n 

397.3 

2,574 

18 

80.0 

71.6 

665.1 

520,0 

393.7 

2,429 

665.1 

520.0 

393.7 

2,429 

19 

78.7 

71.3 

542.0 

520.0 

392.7 

2,407 

542.0 

520.0 

392.7 

2,407 

20 

77.1 

72.0 

496.4 

496.4 

372.7 

2,407 

496.4 

496.4 

372.7 

2,407 

21 

75.3 

71.8 

449.1 

448.1 

328.5 

2,407 

448.1 

448.1 

328.5 

2,407 

22 

73.3 

71.0 

338.5 

338.5 

238.5 

2,407 

338.5 

338.5 

238.5 

2,407 

23 

71.3 

68.9 

0.0 

400.0 

•385. 6 

2,805 

0.0 

400.0 

335.6 

■2,805 

24 

69.4 

66.8 

0.0 

400.0 

378.8 

3,203 

0.0 

400.0 

378.8 

3,203 

Trane  Air  Ccnditicning  Econosics 
By:  C.D.S.  HARKETIMS  ' 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

—  BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE 

My 


Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kK! 

(Tcn-Hr) 

-  1 

73.4 

68.8 

0.0 

400.0 

385.3 

3,600 

2 

72.3 

67.9 

0.0 

400.0 

382.3 

3,997 

3 

71.4 

i7.2 

0.0 

400.0 

380.0 

4,394 

4 

70.7 

67.0 

0.0 

109.6 

115.7 

4,500 

5 

70.5 

66.9 

0.0 

0.0 

0.0 

4,500 

6 

71.0 

i7,4 

0.0 

0.0 

0.0 

4,500 

7 

72.1 

68.4 

0.0 

0.0 

0.0 

4,500 

8 

74.1 

69.3 

0.0 

0.0 

0.0 

4,500 

9 

77.0 

70.1 

0.0 

0.0 

0.0 

4,500 

10 

80.4 

71.4 

494.4 

494.4 

369.0 

4,500 

11 

84.2 

73.3 

672.3 

520.0 

399.3 

4,348 

12 

87.8 

75.5 

775.6 

520.0 

406.7 

4,092 

13 

90.5 

76.5 

733.0 

0.0 

0.0 

3,356 

14 

76. S 

763.3 

0,0 

0.0 

2,590 

15 

93.0 

77.0 

805.4 

0.0 

0.0 

1,782 

16 

92.3 

76.7 

891.8 

520.0 

410.8 

1,411 

17 

90. B 

75.3 

889.6 

520.0 

406.0 

1,041 

18 

88.3 

74.2 

860.2 

520.0 

402.3 

701 

19 

85.4 

72.9 

714.1 

520.0 

397.9 

507 

20 

82,4 

73.4 

680.5 

520.0 

399.6 

346 

21 

80.0 

73.0 

641.2 

520.0 

398.3 

7*7  *> 

22 

77.7 

72.3 

559.5 

520.0 

395.9 

186 

23 

75.9 

70.6 

0.0 

400.0 

391.3 

585 

24 

74.6 

69.4 

0.0 

400.0 

387.3 

985 

u_ 

_ 

wUi  US; 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

fipmanrl 

a/ l»  w 

Capacity 

Hour 

(Fi 

(F) 

(Ton) 

(Ton) 

(kK) 

(Ton-Hr) 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

1 

74.3 

71.0 

0.0 

400.0 

392.7 

1,384 

0.0 

.  400.0 

392.7 

2,508 

2 

71.9 

68.8 

0.0 

400.0 

385.3 

1,783 

0.0 

400.0 

385,3 

2,906 

3 

69.9 

67.0 

0.0 

400.0 

379.4 

2,182 

0.0 

400.0 

379,4 

3,303 

4 

68.3 

65.9 

0.0 

400.0 

375.9 

2,580 

0.0 

400.0 

375.9 

3,701 

5 

67.4 

65.2 

0.0 

400.0 

'373.7 

2,978 

0.0 

400.0 

373.7 

4,098 

6 

67.0 

64.9 

0.0 

400.0 

372.7 

3,375 

0.0 

400,0 

372.7 

4,494 

7 

67.5 

65.3 

0.0 

400.0 

374.0 

3,773 

0.0 

0.0 

0.0 

4,500 

8 

68.8 

65.6 

0.0 

400,0 

374.9 

4,170 

0,0 

0.0 

0.0 

4 , 500 

9 

70.9 

65.7 

0.0 

777  / 

.  C 

300.7 

4,500 

0.0 

0.0 

0  4  0 

4,500 

10 

73.6 

66.5 

305.3 

305.3 

205.9 

4 , 500 

305.3 

305.3 

205.9 

4,500 

11 

76.7 

67.9 

454.0 

454.0 

322.9 

4*500 

*  sa  i\ 

454.0 

Tn':!  Q 

4,500 

12 

79.9 

69.9 

581. 5 

520.0 

388.2 

4,438 

531.5 

V  t  V 

388.2 

4,438 

13 

B3.0 

71,3 

563.2 

0.0 

0.0 

3,872 

563.2 

0.0 

0.0 

Trane  Air  Ccnditioning  Econceics 
Byj  C.D.S.  MARKETING 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Weekday 


■—  Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

QAWB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kWj 

(Ton-Hr) 

(Ton) 

(Ton) 

(kW) 

(Ton-Hr) 

14 

85.7 

72.5 

597.7 

0.0 

0.0 

3,271 

597.7 

0.0 

0.0 

3,271 

15 

B7.B 

73.9 

654.3 

0.0 

0.0 

2,614 

654.3 

0.0 

0.0 

2,614 

16 

89. 1 

75.3 

737.3 

520.0 

406.0 

2,397 

737.3 

520.0 

406.0 

2,397 

17 

B9.5 

75.5 

810.6 

520.0 

406.7 

2,106 

810.6 

520.0 

406.7 

2,106 

18 

89.2 

76.2 

803.8 

520.0 

409.1 

1,822 

803.8 

520.0 

409.1 

1,822 

19 

88.3 

76.7 

700.3 

520.0 

410.8 

1,642 

700.3 

520.0 

410.8 

1,642 

20 

86.7 

7B,6 

684.0 

520.0 

417.5 

1,478 

684.0 

520.0 

417.5 

1,478 

21 

84.7 

78.8 

656.5 

520.0 

418.2 

1,341 

656.5 

520.0 

413.2 

1,341 

22 

82.3 

78.0 

549.7 

520.0 

415.4 

1,312 

549.7 

520,0 

415.4 

1,312 

23 

79.6 

75.4 

0.0 

400.0 

408.1 

1,711 

0.0 

400.0 

408.1 

1,711 

24 

76.9 

73.0 

0.0 

400.0 

399.6 

2,109 

0.0 

400.0 

399.6 

2,109 

Sunday  - -  - Monday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DAUB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

iF) 

(F) 

(Ton) 

(Tori) 

m 

(Toff-Hr) 

(Ton! 

(Toni 

(kW) 

(Ton-Hr! 

1 

74.3 

71.0 

0.0 

400.0 

392 . 

2,508 

0.0 

400.0 

392.7 

2,508 

D 

71.9 

68.8 

0.0 

400.0 

385. 3 

2,906 

0.0 

400.0 

385.3 

2,906 

3 

69.9 

67.0 

0,0 

400.0 

379,4 

3 , 303 

0.0 

400.0 

379.4 

3,303 

4 

68.3 

65.9 

o.a 

400.0 

375.9 

3,701 

0.0 

400.0 

375.9 

3,701 

5 

67.4 

65.2 

0.0 

400.0 

V^/ / 

4,098 

0.0 

400.0 

373.7 

4,098 

6 

67.0 

64.9 

0.0 

400.0 

372.7 

4,494 

G.O 

400.0 

372.7 

4,494 

7 

67.5 

65.3 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

8 

68.8 

65.6 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

9 

70.9 

65.7 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

10 

73.6 

66.5 

305.3 

305,3 

205.9 

4,500 

305.3 

305.3 

205.9 

4,500 

11 

76.7 

67.9 

454.0 

454.0 

322.9 

4,500 

454.0 

454.0 

322.9 

4,500 

12 

79.9 

69.9 

581.5 

520.0 

388.2 

4,438 

581. 5 

520.0 

388,2 

4,438 

13 

83.0 

71.3 

563.2 

0.0 

0,0 

3,872 

563.2 

0.0 

0.0 

3,872 

14 

85.7 

72.5 

597.7 

0.0 

0.0 

3,271 

597.7 

0.0 

0.0 

3,271 

15 

87,8 

73.9 

654.3 

0.0 

0.0 

2,614 

654,3 

0.0 

0.0 

2,614 

16 

89.1 

75.3 

737.3 

520.0 

406.0 

2,397 

737.3 

520.0 

406.0 

2,397 

17 

89.5 

75.5 

810.6 

520.0 

406,7 

2,106 

810.6 

520.0 

406.7 

2,106 

18 

89.2 

76.2 

803.8 

520.0 

409.1 

1,822 

803.8 

520.0 

409.1 

1,822 

19 

88.3 

76.7 

700.3 

520.0 

410.8 

1,642 

700.3 

520.0 

410.8 

1,642 

20 

86.7 

78.6 

684.0 

520.0 

417.5 

1,478 

684.0 

520.0 

417.5 

1,478 

21 

84.7 

78.8 

656.5 

520.0 

418.2 

1,341 

656.5 

520.0 

418.2 

1,341 

22 

82.3 

76.0 

549.7 

520.0 

415,4 

1,312 

549.7 

520.0 

415.4 

1,312 

23 

79.6 

75.4 

0.0 

400.0 

^409.1 

Mil 

0.0 

400.0 

403.1 

1  7t! 

24 

76.9 

73.0 

0.0 

400.0 

399.6 

2,109 

0.0 

400.0 

399.6 

*  ,  *  V  / 
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COLD  THERHAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- building  cooling  demands  and  thermal  STORAGE - 

August 


—  Design  — 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

DANE 

Load 

Load 

Demand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(ktii 

(Ton-Hr) 

i 

70.5 

64.5 

0.0 

400.0 

371.5 

2,508 

2 

69.5 

63.5 

0.0 

400.0 

368.4 

2,906 

3 

6B.7 

63.0 

0.0 

400.0 

366.9 

3,303 

4 

68. 1 

62.4 

0.0 

400.0 

365.1 

3,701 

5 

67.9 

62.6 

0.0 

400.0 

365.7 

4,098 

6 

68.3 

63.2 

0.0 

400.0 

367.5 

4,494 

7 

69.3 

64.1 

0.0 

0.0 

0.0 

4,500 

8 

71.1 

64,9 

0.0 

0.0 

0.0 

4,500 

9 

73,7 

66.1 

0.0 

0.0 

0.0 

4,500 

10 

76,8 

67.2 

406.9 

406.9 

282.1 

4,500 

11 

80.2 

6B.9 

583.6 

520.0 

385.1 

4,436 

12 

83.4 

70.6 

695.3 

520.0 

390.4 

4,261 

13 

85. B 

71.5 

664.3 

0.0 

0.0 

3,593 

14 

87.5 

72.5 

698.6 

0.0 

0.0 

2,892 

15 

BB.i 

72.7 

727.3 

0.0 

0.0 

2,162 

16 

87.5 

71.7 

794.2 

520.0 

394.0 

1,888 

17 

86.0 

70.6 

806.4 

520.0 

390.4 

1,602 

18 

83.8 

69.7 

753.7 

520.0 

387.6 

1,363 

19 

81.2 

68.5 

598.2 

520.0 

383.9 

1,285 

20 

78.6 

68,7 

545.2 

520.0 

384.5 

1,259 

21 

76.4 

68.8 

454.4 

454.4 

325.7 

1,259 

22 

74.3 

67.6 

321.1 

321.1 

218.8 

1,259 

-  23 

72.7 

66.4 

0.0 

400.0 

377.5 

1,658 

24 

71.5 

65.3 

0.0 

400.0 

374.0 

2,057 

_ 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

oanb 

Load 

Load 

Deftand 

Capacity 

Load 

Load 

Deiand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

(Ton) 

(kHi 

(Ton-Hr) 

(Ton) 

(Ton) 

im 

(Ton-Hr) 

1 

70.1 

65.3 

0.0 

400.0 

374.0 

2,455 

0.0 

400.0 

374.0 

3,739 

2 

68.2 

63.5 

0.0 

400.0 

368.4 

2,854 

0.0 

400.0 

368.4 

4,136 

3 

66.6 

62.2 

0.0 

400.0 

364.6 

3,251 

0.0 

367.3 

327.4 

4,500 

4 

65.4 

61.1 

0.0 

400.0 

361.4 

3,649 

0.0 

0.0 

0.0 

4,500 

5 

64.6 

60.7 

0.0 

400.0 

,360.2 

4,046 

0.0 

0.0 

0.0 

.4,500 

6 

64.4 

60.7 

0.0 

400,0 

360.2 

4,442 

0.0 

0.0 

0.0 

4,500 

7 

64.9 

61.2 

0.0 

61.1 

79.9 

4,500 

0.0 

0.0 

0.0 

4,500 

e 

66.3 

61.6 

0.0 

0.0 

0.0 

4 , 500 

0.0 

0.0 

0.0 

£  ^  500 

9 

68.5 

62.5 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

c.o 

4,500 

10 

71.4 

63 . 6 

250.5 

250.5 

166.1 

4,500 

250.6 

250.6 

166,1 

1  snri 

11 

74.5 

65.1 

396.0 

396.0 

268. 5 

4,500 

396.0 

396.0 

26S.5 

4,500 

12 

77.6 

66.8 

504 . 8 

504.  B 

364.7 

4,500 

504.3 

504.3 

364.7 

4,500 

13 

80.5 

68.2 

495.1 

0.0 

0.0 

4,001 

495.1 

OiO 

C.O 

4,001 

Trane  Air  Conditioning  Eccnccice 
By;  C.B.S.  HARKET1N6 
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COLD  THERMAL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Weekday -  - Setorday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

GADS 

OAWB 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

tFi 

(Ton) 

(Ton) 

(kK) 

{Ton-Hri 

(Ton) 

(Ton) 

(k«) 

(Ton-Hr) 

14 

32.7 

69.7 

525.9 

0.0 

0.0 

3,472 

525.9 

0.0 

0.0 

3,472 

15 

81.2 

70.7 

542,3 

0.0 

0.0 

2,907 

562.3 

0.0 

0.0 

2,907 

16 

84.6 

70.5 

612.6 

520.0 

390.1 

2,815 

612.6 

520.0 

390.1 

2,815 

17 

84.4 

70.4 

668.2 

520.0 

389,8 

2,666 

668. 2 

520.0 

389.8 

2,666 

18 

B3.6 

70.7 

640.3 

520.0 

390.8 

2,546 

640.3 

520.0 

390.8 

2,546 

19 

82.4 

70.7 

496.1 

496.1 

36S.4 

2,546 

496.1 

496.1 

368.4 

2,546 

20 

80.8 

71.9 

476.3 

476.3 

353.9 

2,546 

476.3 

476.3 

353.9 

2,546 

21 

78.9 

72,4 

433.7 

433,7 

317.8 

X ,  546 

933,7 

433.7 

317.8 

2,546 

22 

7fr.B 

71.1 

330.5 

330.5 

232.9 

2,546 

330.5 

330.5 

232.9 

2,546 

23 

74.5 

69.3 

0.0 

400.0 

387.0 

2,944 

0.0 

400.0 

387.0 

2,944 

24 

72.2 

67.2 

0.0 

400.0 

380.0 

3,342 

0.0 

400.0 

u 

380.0 

3,342 

- ouoasy  — 

Hunuc j 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

0AN3 

Load 

Load 

Desand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F! 

(F) 

(Ton) 

(Ton) 

(kK) 

(Ton-Hr) 

(Ten) 

(Ton) 

{kW! 

(Ton-Hr) 

1 

70.1 

65.3 

c.o 

400.0 

374.0 

3,739 

0.0 

400.0 

374.0 

3,739 

2 

4B.2 

63.5 

0.0 

400.0 

36B.4 

4,136 

0.0 

400.0 

36S.4 

4,136 

3 

66.6 

62.2 

0.0 

367.3 

327.4 

4,500 

0.0 

367.3 

327.4 

4,500 

4 

65.4 

61.1 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

5 

64.6 

60.7 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

6 

64.4 

60.7 

0.0 

0,0 

0.0 

4,500 

0.0 

0.0 

0,0 

4,500 

7 

64.9 

61.2 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

c.o 

4,500 

S 

66.3 

61.6 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

9 

68.5 

62.5 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

10 

71.4 

63.6 

250.6 

250.6 

166.1 

4,500 

250.6 

250.6 

166.1 

4,500 

11 

74.5 

65.1 

396.0 

396.0 

268.5 

4,500 

396,0 

396.0 

26E.5 

4,500 

12 

77.6 

66.8 

504.8 

504.8 

364.7 

4,500 

504.8 

504.  B 

364.7 

4,500 

13 

80.5 

68.2 

495.1 

0.0 

0.0 

4,001 

495.1 

0.0 

0.0 

4,001 

14 

82.7 

69.7 

525.9 

0.0 

0.0 

3,472 

525.9 

0,0 

0.0 

3*472 

15 

84.2 

70.7 

562.3 

0.0 

0.0 

2,907 

562.3 

0.0 

0.0 

2,907 

16 

84.6 

70.5 

612.6 

520.0 

390.1 

2,815 

612.6 

520.0 

390.1 

2,815 

17 

84.4 

70.4 

668.2 

520.0 

389.8 

2,666 

668,2 

520.0 

389.8 

2,666 

18 

83.6 

70.7 

640.3 

520.0 

390.8 

2,546 

640,3 

520.0 

390.8 

2,546 

19 

82.4 

70.7 

496.1 

496.1 

369.4 

2,546 

496.1 

■  496.1 

368.4 

2,546 

20 

80.8 

71.9 

476.3 

476.3 

353.9 

2,546 

476.3 

476.3 

353,9 

2,546 

21 

78.9 

72.4 

433.7 

433.7 

317.8 

2,546 

433.7 

433.7 

317,8 

2,546 

22 

76.8 

71.1 

330,5 

330.5 

232.9 

2,546 

330 . 5 

330.5 

232.9 

2,546 

23 

74.5 

69.3 

0.0 

400.0 

'387.0 

2,944 

0.0 

400,0 

387.0 

•2,944 

24 

72.2 

67.2 

0.0 

400.0 

380.0 

3,342 

0.0 

400.0 

380.0 

3,342 

Trane  Air  Conditicnin5  Econoiice 
By;  C.D.S.  HARKETINS 

COLB  TH£R«AL  STORAGE  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- BUILDING  COOLING  DEMANDS  AND  THERMAL  STORAGE 

Septeftber 
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Design 


Design 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

non) 

(Ton) 

(kK) 

(Tcn-Hr) 

1 

64.3 

60.7 

0.0 

400.0 

360.2 

3,73? 

2 

63.3 

59. S 

0.0 

400.0 

357.7 

4,136 

3 

62.4 

59.2 

0.0 

367.3 

319.4 

4,500 

4 

61.8 

58.5 

0.0 

0.0 

0.0 

4,500 

5 

61.6 

58.3 

0.0 

0.0 

0.0 

4,500 

6 

i2.0 

58,7 

0.0 

0.0 

0.0 

4,500 

7 

63.1 

59.8 

0.0 

0.0 

0.0 

4,500 

B 

64.9 

61.3 

0,0 

0.0 

0.0 

4,500 

9 

67.5 

62.3 

0.0 

0.0 

0.0 

4,500 

10 

70,6 

63.4 

305.6 

305.6 

200.2 

4,500 

11 

74.0 

65.1 

491.7 

491.7 

34B.2 

4,500 

12 

77.3 

66.6 

611.3 

520.0 

378.1 

4,409 

13 

79.7 

68.1 

579.7 

0.0 

0.0 

3,825 

14 

81.3 

68.9 

596.3 

0.0 

0.0 

3,226 

15 

81.9 

69.3 

623.8 

0,0 

0.0 

2,600 

IG 

81.3 

68.8 

684,1 

520.0 

384.  B 

2,436 

17 

79.9 

68.2 

694,6 

520,0 

382. 9 

2,261 

19 

77.7 

67.0 

653.5 

520.0 

379.3 

2,128 

19 

75.0 

66.9 

506.2 

506.2 

366.3 

2,128 

20 

72.4 

66.6 

369.5 

369.5 

251.7 

2,128 

21 

70.2 

65.3 

283.2 

2B3.2 

189.2 

2,128 

22 

GB.l 

63.7 

169.8 

169.8 

122.6 

2,128 

23 

66.5 

62.5 

0.0 

400.0 

365,4 

2,526 

24 

65.3 

61.6 

0.0 

400.0 

362.8 

-i.j-.., _ 

2,924 

_ 

wO  LUI  UD  J 

Typical 

Cooling 

Chiller 

Chiller 

Storage 

Coding 

Chiller 

Chiller 

Storage 

OADB 

OANB 

Load 

Load 

Deeand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F) 

(Ton) 

{Toni 

(kS) 

(Ton-Hr) 

(Ton) 

(Ton) 

(kH! 

(Ton-Hr) 

1 

63.9 

61.5 

0.0 

400.0 

362.5 

3,321 

0.0 

400.0 

362.5 

4,315 

n 

X 

62.0 

59.7 

0.0 

400.0 

357.4 

3,719 

0.0 

139.6 

158.6 

4,500 

3 

60.4 

58.4 

0.0 

400.0 

353.9 

4,116 

0.0 

0.0 

0.0 

4,500 

4 

5?.2 

57.1 

0.0 

387.5 

336.4 

4,500 

0.0 

0.0 

0.0 

4,500 

5 

58.4 

56  *  3 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

G 

58,2 

56.1 

0.0 

0.0 

'  0,0 

4,500 

0.0 

0.0 

0.0 

4,500 

7 

58.7 

56.7 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

S 

60.1 

57.9 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0 . 0 

4 , 500 

9 

62.4 

58.6 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4 , 500 

10 

65.2 

59.6 

142.2 

142.2 

104,3 

4,500 

142.9 

142.9 

104.6 

4,500 

11 

68.3 

61.1 

275.3 

275.3 

176.8 

L  =,^0 

1  J 

275.3 

275.3 

176. S 

4,500 

12 

71.5 

62.7 

415.0 

415.0 

277,3 

4,500 

415.0 

415.0 

277.3 

4,500 

13 

74.3 

64.6 

413.9 

0.0 

0.0 

4,082 

414.3 

0.0 

0.0 

4,0S2 

TraRE  Air  Cocditioriing  EconoticE 
By:  C.C-.E.  HARKETIHB 


COLD  THERKAL  STORAGE  -  ALTERNATIVE  A 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


Nefkday - - -  - Saturday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

GAiilB 

Load 

Load 

Dessnd 

Capacity 

Load 

Load 

Oesand 

Capacity 

Hour 

(Fi 

(F) 

(Ton) 

(Ton) 

(kN) 

(Ton-Hr) 

(Ton) 

(Ton) 

ikN) 

(Ton-Hr) 

14 

7i.6 

66.0 

456.6 

0.0 

0.0 

3,623 

456.6 

0.0 

0.0 

3,622 

15 

7B.0 

B7.1 

465.5 

0.0 

0.0 

3,154 

465.5 

0.0 

0.0 

3,154 

16 

7B.5 

67,5 

514.5 

514,5 

375.7 

3,154 

514.5 

514.5 

375.7 

3,154 

17 

7S.2 

67.9 

550.9 

520.0 

382.0 

3,123 

550.9 

520.0 

382.0 

3,123 

IS 

77.5 

6B.0 

499.0 

499.0 

362.9 

3,123 

499.0 

499.0 

362.9 

3,123 

19 

76.3 

69.3 

379.7 

379.7 

265.8 

3,123 

379.7 

379.7 

265.8 

3,123 

20 

74.7 

70.0 

348.0 

348.0 

243.3 

3.123 

348.0 

348.0 

243.3 

3,123 

21 

72.7 

69,0 

290,0 

290.0 

200.9 

3,123 

290.0 

290.0 

200.9 

3,123 

22 

70.6 

67,3 

190.0 

190.0 

138.7 

3,123 

190.0 

190.0 

138.7 

3,123 

23 

68.3 

65.4 

0.0 

400.0 

374,3 

3,521 

0.0 

400.0 

374.3 

3,521 

24 

66.1 

63.6 

0.0 

400.0 

36B.7 

3,918 

0.0 

400.0 

368.7 

3,918 

Sunday -  - Honday 


Typical 

Cooling 

Chiller 

Chiller 

Storage 

Cooling 

Chiller 

Chiller 

Storage 

OADB 

OAHB 

Load 

Load 

Deaand 

Capacity 

Load 

Load 

Desand 

Capacity 

Hour 

(F) 

(F! 

(Ton) 

(Toni 

[m 

(Tcn-Hr) 

(Ton) 

(Tpnj 

m 

(Tcn-Hr) 

1 

63.9 

61 . 5 

0.0 

400.0 

362.5 

4,315 

0.0 

400.0 

362.5 

4,315 

•y 

62.0 

59.7 

0.0 

18S.9 

158.8 

4,500 

0.0 

13S.9 

158.8 

4,500 

3 

60.4 

58.4 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

4 

59.2 

57.1 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

5 

58.4 

56.3 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

6 

58.2 

56.1 

0.0 

0.0 

0.0 

4,500 

0.(1 

0.0 

0.0 

4,500 

7 

58.7 

56.7 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

B 

60.1 

57.9 

0.0 

0,0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

9 

62.4 

58.6 

0.0 

0.0 

0.0 

4,500 

0.0 

0.0 

0.0 

4,500 

10 

65.2 

59.6 

142.9 

142.9 

104.6 

4,500 

142.9 

142.9 

104.6 

4,500 

11 

68.3 

61.1 

275.3- 

275.3 

176.8 

4,500 

275.3 

275.3 

176.8 

4,500 

12 

71.5 

62.7 

415.0 

415.0 

277.8 

4,500 

415,0 

415.0 

277.8 

4,500 

13 

74.3 

64.6 

414.3 

0.0 

0.0 

4,082 

414.3 

0.0 

0.0 

4,082 

14 

76.6 

66,0 

456.6 

0.0 

0.0 

3,622 

456.6 

0.0 

0.0 

3,622 

15 

78.0 

67.1 

465.5 

0.0 

0.0 

3,154 

465.5 

0.0 

0.0 

3,154 

16 

78.5 

67.5 

514.5 

514.5 

375.7 

3  154 

514.5 

514.5 

375.7 

3,154 

17 

78.2 

67.9 

550.9 

520.0 

382.0 

3!i23 

550.9 

520.0 

3S2.0 

3,123 

18 

77.5 

68.0 

499.0 

499.0 

362.9 

3,123 

499.0 

499.0 

362.9 

3,123 

19 

76.3 

69.3 

379.7 

379.7 

265.8 

3,123 

379.7 

•  379.7 

265.8 

3,123 

20 

74.7 

70.0 

348.0 

348.0 

243.3 

3,123 

348.0 

348.0 

243.3 

3,123 

21 

72.7 

69.0 

290.0 

290.0 

200.9 

3,123 

290.0 

290.0 

200.9 

3,123 

22 

70.6 

67.3 

190.0 

190.0 

138.7 

3,123 

190.0 

190.0 

138.7 

3,123 

23 

68.3 

65.4 

0.0 

400.0 

374.3 

3,521 

0.0 

400.0 

374.3 

3j521 

24 

66.1 

63.6 

0.0 

400.0 

368.7 

3,918 

0.0 

400.0 

36S.7 

3,918 

APPENDIX  E 


DETAILED  ENERGY  AND  DEMAND  DEVELQPEMENT  AND  CALCULATIONS 
E.l  BASIS  OF  CALCULATIONS 

Individual  printouts  of  each  ECO’s  energy  usage  (KWH)  and  component  month-by-month  peak 
electrical  demand  (KW)  are  contained  in  Appendix  F.  Also  included  therein  is  the  same  data  for 
the  Base  Case  of  the  centrifugal  chiller. 

The  tabulations  which  follow  use  this  data  and  data  taken  from  the  typical  hour-by-hour  demand 
curve  for  the  Fort  which  was  obtained  from  the  utility  company  to  estimate  what  the  electric  utility 
cost  difference  would  be  between  a  given  ECO  and  the  Base  Case.  The  electric  utility  costs 
incurred  are  based  upon  the  sum  of  the  energy  (KWH)  costs  and  the  demand  (KW)  costs.  Each 
will  be  explained  in  turn. 

a)  Energy  (KWH)  Costs 

Energy  costs  are  simple  to  determine.  The  various  components  in  the  system  each  consume 
energy  on  a  continuing  basis.  This  continuous  usage  is  tallied  over  a  given  monthly  billing 
period  and  the  resulting  KWH  total  is  then  multiplied  by  the  cost  per  KWH  to  obtain  the 
energy  cost.  This  procedure  is  independent  of  when  during  the  day  the  energy  was  used.  All 
usage  is  figured  into  the  energy  cost  billed. 

b)  Demand  (KW)  Costs 

The  logic  in  calculation  of  demand  costs  is  different.  The  factor  which  will  determine  a 
demand  charge  which  appears  on  a  monthly  statement  is  the  highest  KW  demand  established 
over  the  preceding  12  months.  This  demand  is  typically  established  during  mid-aftemoons  of 
summer  months,  when  air  conditioning  systems  are  under  peak  loads.  Therefore,  it  is  very 
beneficial  to  minimize  or  eliminate  KW  loads  during  this  period. 

Therefore,  in  order  to  estimate  the  effect  of  a  given  system  alternative  on  total  billing  demand 
it  was  necessary  to  estimate  what  the  Fort’s  hourly  base  demand  is  during  a  peak  month 
(taken  as  July)  and  then  add  to  that  the  demands  which  would  be  established  by  that  system’s 
cooling  plant.  The  sum  of  these  at  each  hour  is  the  total  peak  demand  at  that  hour.  The  hour 
with  the  greatest  demand  is  then  taken  as  establishing  the  demand  which  will  be  billed  for  the 
next  12  months. 
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Using  the  historical  demand  curve  previously  referenced,  the  following  figures  were  used  to 
estimate  base  demand  for  the  Fort  during  a  peak  day  in  July: 


DEMAN 

TIME 

D  (KW) 

11  AM 

26,600 

12  NOON 

28,000 

1  PM 

29,100 

2  PM 

30,000 

3  PM 

29,000 

4  PM 

28,400 

5  PM 

27,700 

E.2  BASE  CASE  PROCEDURES  AND  RESULTS 

Hourly  chiller  KW  demand  loads  were  calculated  using  a  selected  machine  capacity  of  900  tons  and 
applying  a  part-load  efficiency  curve  to  the  hourly  loads  calculated  to  occur  during  the  design  July 
afternoon  period.  The  chiller  was  selected  to  have  a  peak  efficiency  of  .73  KW  per  ton,  which  is  a 
mid-range  efficiency  selection.  Such  a  selection  represents  a  good  value  between  a  high-efficiency 
chiller  and  one  with  a  low  first  cost. 

All  other  system  components  (pumps,  cooling  towers),  being  essentially  non-modulating  in  nature, 
were  taken  as  establishing  their  design  demand  KW  throughout  the  design  day  afternoon.  Energy 
consumption  data  were  taken  directly  from  the  TRACE  program  output.  The  following  table 
summarizes  this  data. 
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I.  DEMAND  COMPONENT 


Hour 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand 

26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

Centr.  Chiller 

483 

567 

541 

564 

597 

659 

649 

Cooling  Tower 

72 

72 

72 

72 

72 

72 

72 

Cond.  Water  Pumps  15 

15 

15 

15 

15 

15 

15 

Ch.  Water  Pumps 

28 

28 

28 

28 

28 

28 

28 

27,198 

28,682 

29,756 

30,679 

29,712 

29,174 

28,464 

Demand  in  excess  of  peak:  679  KWD 

Demand  cost  over  12  months:  $50,395  (at  $6,185  per  KWD) 

II.  ENERGY  COMPONENT 


Month 

Jun 

Jul 

Aug 

Sept 

Total 

KWHR  usage  for: 

Centr.  Chiller 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Annual  KWHR  Cost: 

Total  Annual  Utility  Cost: 

$35,895 

$86,290 

(at  $.025  per  KWHR) 
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E.3  ICE  HARVESTER  SYSTEM  ECO’S 

The  following  five  sub-sections  present  the  results  of  demand  and  energy  usage  calculations  for  each 
ECO,  displays  the  savings  in  demand  and  usage  between  that  ECO  and  the  base  case,  and  applies  the 
appropriate  KWD  and  KWHR  unit  costs  to  those  savings.  A  resulting  annual  utility  cost  savings  is 
shown  at  the  bottom  of  each  tabulation. 

It  may  be  noted  that  one  piece  of  equipment  that  is  listed  in  the  Appendix  F  energy  and  demand 
tabulations  is  the  "Water  Circulating  Pump-Constant  Volume."  This  pump  only  runs  during  the  ice¬ 
making  mode.  Therefore,  it  is  off  during  the  hours  from  11:00  a.m.  to  5:00  p.m. 
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E.3.1  ECO  IH-1 


Comments:  This  system,  while  producing  some  demand  and  energy  savings,  does  not  look 
promising.  The  total  annual  savings  of  $9,485  is  rather  insignificant. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

630  Ton  Chiller  452 

461 

465 

466 

467 

465 

460 

Cooling  Tower  Fans  50 

50 

50 

50 

50 

50 

5050 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pumps  11 

11 

11 

11 

11 

11 

11 

28,141 

28,550 

29,654 

30,555 

29,556 

28,954 

28,249 

Peak  Demand  Reduction  Compared  to  Base  Case: 

124 

Annual  demand  savings  at  $6,185  per 

KWD: 

$9,203 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

630  Ton  Chiller 

350,261 

438,155 

361,489 

274,636 

1,424,541 

Base  case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case 

8,689 

-10,983 

3,560 

9,998 

11,264 

Annual  energy  savings  @  $0.25  per  KWHR 

$282 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$9,485 
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E.3.2 


ECO  IH-2 


Comments:  Significant  improvement  over  ECO  IH-1,  due  to  the  peak  KWD  reduction 
resulting  from  the  chiller,  cooling  tower,  and  condenser  water  pumps  being  turned  off  at  the 
peak  hour.  There  is,  however,  an  increase  in  energy  usage  due  to  the  size  of  the  ice  making 
chillers  and  the  fact  that  it  takes  more  energy  to  make  ice  than  to  chill  water. 

L  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

1,150  Ton  Chiller  455 

0 

0 

0 

0 

0 

0 

Cooling  Tower  Fans  92 

0 

0 

0 

0 

0 

0 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  20 

0 

0 

0 

0 

0 

0 

27,195 

28,028 

29,128 

30,028 

29,028 

28,428 

27,728 

Peak  Demand  reduction  Compared  to  Base  Case: 

651 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

1,150  Ton  Chiller 

394,773 

493,612 

423,914 

333,373 

1,645,672 

Base  case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case 

-35,823 

-66,440 

-58,865 

-48,739 

-209,867 

Annual  energy  savings  @  $0.25  per  KWHR 

($5,247) 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$43,071 
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E.3.3  ECO  IH-3 


Comment:  This  system  results  in  less  energy  savings  than  ECO  IH-1.  More  energy  is  consumed 
because  four  hours  of  operation  were  shifted  to  ice-making  from  water  chilling.  As  noted  in  the 
previous  paragraph,  ice-making  uses  more  energy  than  water  chilling.  At  the  same  time,  the  shift 
in  usage  did  not  produce  a  meaningful  increase  in  KWD  reduction. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

625  Ton  Chiller  449 

457 

461 

462 

463 

462 

462 

Cooling  Tower  Fans  50 

50 

50 

50 

50 

50 

50 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  1 1 

11 

11 

.  11 

11 

11 

11 

27,138 

28,546 

29,650 

30,551 

29,552 

28,951 

28,251 

Peak  Demand  Reduction  Compared  to  Base  Case: 

128 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$9,500 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

625  Ton  Chiller 

354,982 

460,020 

359,978 

275,994 

1,405,974 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

3,968 

-32,848 

5,071 

8,640 

-15,169 

Annual  Energy  Savings  at  $.025  per  KWHR:  ($379) 

Annual  utility  cost  savings  for  this  ECO:  $9,121 
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E.3.4  ECO  IH-4 


Comments:  The  results  of  this  system  compared  to  ECO  IH-2  are  very  similar  to  the  results  of 
ECO  IH-3  compared  to  ECO  IH-1.  There  is  a  very  small  reduction  in  energy  savings  which 
results  from  shifting  four  hours  of  water  chilling  to  ice-building.  This  is  again  due  to  the  relative 
energy  inefficiency  of  ice  building,  as  compared  to  water  chilling.  Demand  reduction,  on  the 
other  hand,  did  not  change. 


I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

975  Ton  Chiller  454 
Cooling  Tower  Fans  78 
Ch.  Water  Pump  28 

Cond.  Water  Pump  16 

28,000 

0 

0 

28 

0 

29,100 

0 

0 

28 

0 

30,000 

0 

0 

28 

0 

29,000 

0 

0 

28 

0 

28,400 

0 

0 

28 

0 

27,700 

0 

0 

28 

0 

27,176 

28,028 

29,128 

30,028 

29,028 

28,028 

27,728 

Peak  Demand  Reduction  Compared  to  Base  Case: 
Annual  Demand  Savings  at  $6,185  per  KWD: 

651 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

975  Ton  Chiller 

Base  Case 

398,148 

358,950 

505,719 

427,172 

426,572 

365,049 

322,145 

284,634 

1,652,584 

1,435,805 

Savings  Compared 
to  Base  Case: 

-39,198 

-78,547 

-61,523 

-37,511 

-216,779 

Annual  Energy  Savings  at  $.025  per  KWHR: 

($5,419) 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$42,898 
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E.3.5  ECO  ffl-5 


Comments:  As  might  be  expected,  the  narrowing  of  the  demand  "window"  during  which  ice 
must  be  available  to  carry  load  from  six  hours  to  three  hours  results  in  the  greatest  energy 
savings.  This  is  because  less  ice-making  time  at  night  is  needed  and,  therefore,  ice-making 
inefficiencies  are  minimized. 


1.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

820  Ton  Chiller  463 

560 

0 

0 

0 

606 

599 

Cooling  Tower  Fans  66 

66 

0 

0 

0 

66 

66 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  14 

14 

0 

0 

0 

14 

14 

27,171 

28,668 

29,128 

30,028 

29,028 

29,114 

28,407 

Peak  Demand  Reduction  Compared  to  Base  Case: 

651 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

820  Ton  Chiller 

358,977 

453,487 

379,911 

297,877 

1,490,252 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

-27 

-26,315 

-14,862 

-13,243 

-54,447 

Annual  Energy  Savings  at  $.025  per  KWHR:  ($1,361) 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR  THIS  ECO:  $46,956 
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E.3.6  SUMMARY  TABLE 


Annual  Utility  Savings 
ECO  Compared  to  Base  Case 


IH-1  $  9,485 

IH-2  $  43,071 

IH-3  $  9,121 

IH-4  $  42,898 

IH-5  $  46,956 


E.4  ICE  TANK  SYSTEM  ECO’S: 


The  following  sub-sections  are  arranged  in  the  same  manner  as  those  in  Section  E.3.  Inasmuch 
as  the  components  associated  with  the  night  chiller  system  only  run  at  night,  none  of  them  (the 
chiller,  cooling  tower,  condenser  water  pump)  are  listed  in  the  demand  tabulations. 
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E.4.1  ECO  IT-1 


Comments:  Savings  achieved  by  this  system  are  rather  modest,  due  to  the  fact  that  no  equipment 
is  turned  off  during  the  peak  demand  period.  Demand  reduction,  though,  is  better  than  that 
achieved  by  the  similar  Ice  Harvester  System  IH-1.  Annual  savings  achieved  by  this  ECO 
amount  of  $15,200. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

500  Ton  Chiller  384 

391 

394 

395 

396 

395 

390 

Cooling  Tower  Fans  41 

41 

41 

41 

41 

41 

41 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  14 

14 

14 

.  14 

14 

14 

14 

27,067 

28,474 

29,577 

30,478 

29,479 

28,878 

28173 

Peak  Demand  Reduction  Compared  to  Base  Case: 

201 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$14,918 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

500  Ton  Chiller 

350,261 

438,155 

361,489 

274,636 

1,424,541 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

8,689 

-10,983 

3,560 

9,998 

11,264 

Annual  Energy  Savings  at'$.025  per  KWHR: 

$282 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$15,200 
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E.4.2  ECO  IT-2 


Comments:  This  shows  that  shifting  the  schedule  to  make  more  hours  available  for  ice 
production  with  the  resultant  downsizing  of  the  afternoon  chiller  load  does  have  a  beneficial 
effect.  Savings  increased  from  the  $15,200  of  ECO  IT-1  to  almost  $20,000.  Significant  peak 
demand  costs,  however,  are  still  incurred. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

450  Ton  Chiller  346 

352 

355 

356 

356 

356 

351 

Cooling  Tower  Fans  37 

37 

37 

37 

37 

37 

37 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  14 

14 

14 

14 

14 

14 

14 

27,025 

28,431 

29,534 

30,435 

29,435 

28,835 

28,130 

Peak  Demand  Reduction  Compared  to  Base  Case: 

244 

Aimual  Demand  Savings  at  $6,185  per  KWD: 

$18,110 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

450  Ton  Chiller 

328,168 

426,614 

350,686 

256,216 

1,361,684 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 

to  Base  Case: 

30,782 

558 

14,363 

28,418 

74,121 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$1,853 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR  THIS  ECO: 

$19,963 
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E.4.3  ECO  IT-3 


Comments:  This  option  clearly  demonstrates  the  importance  of  eliminating  all  peak  demands.  In 
turning  off  the  chilling  plant  during  the  projected  peak  demand  hours,  annual  energy  savings 
jumped  from  the  $15,200  figure  of  ECO  IT-1  to  almost  $49,000. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

810  Ton  Chiller  496 

0 

0 

0 

0 

0 

0 

Cooling  Tower  Fans  66 

0 

0 

0 

0 

0 

0 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond,  Water  Pump  20 

0 

0 

0 

0 

0 

0 

27,210 

28,028 

29,128 

30,028 

29,028 

28,428 

27728 

Peak  Demand  Reduction  Compared  to  Base  Case: 

651 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

810  Ton  Chiller 

336,084 

435,802 

366,197 

288,333 

1,426,416 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

22,866 

-8,630 

-1,148 

-3,699 

9,389 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$235 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$48,552 
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E.4.4  ECO  IT-4 


Comments:  This  option  of  keeping  the  same  amount  of  afternoon  off  hours  while  lengthening  the 
amount  of  time  during  which  ice  could  be  made  showed  a  very  marginal  improvement  in  savings 
over  ECO  IT-3.  Annual  savings  increased  by  less  than  $1,000,  to  roughly  $49,400. 


I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

635  Ton  Chiller  456 
Cooling  Tower  Fans  51 
Ch.  Water  Pump  28 

Cond.  Water  Pump  17 

28,000 

0 

0 

28 

0 

29,100 

0 

0 

28 

0 

30,000 

0 

0 

28 

0 

29,000 

0 

0 

28 

0 

28,400 

0 

0 

28 

0 

27,700 

0 

0 

28 

0 

27,152 

28,028 

29,128 

30,028 

29,028 

28,428 

27,728 

Peak  Demand  Reduction  Compared  to  Base  Case: 
Annual  Demand  Savings  at  $6,185  per  KWD: 

651 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

635  Ton  Chiller 

Base  Case 

328,844 

358,950 

430,629 

427,172 

358,020 

365,049 

276,736 

284,634 

1,394,229 

1,435,805 

Savings  Compared 
to  Base  Case: 

30,106 

-3,457 

7,029 

7,898 

41,576 

Annual  Energy  Savings  at  $.025  per  KWHR: 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR  THIS  ECO: 

$1,039 

$49,357 

Appendix  E  -  Page  14 


E.4.5  ECO  IT-5 


Comments:  As  might  be  expected,  the  "best  case"  approach  of  being  able  to  shut  down  all 
systems  only  during  three  hours  in  the  afternoon  allowed  the  best  annual  savings,  to  be  achieved, 
approaching  $50,000. 

I.  DEMAND  COMPONENT 


Hour  1100 

1200 

1300 

1400 

1500 

1600 

1700 

Base  Demand  26,600 

28,000 

29,100 

30,000 

29,000 

28,400 

27,700 

520  Ton  Chiller  399 

407 

0 

0 

0 

411 

406 

Cooling  Tower  Fans  42 

42 

0 

0 

0 

42 

42 

Ch.  Water  Pump  28 

28 

28 

28 

28 

28 

28 

Cond.  Water  Pump  16 

16 

0 

0 

0 

16 

16 

27,085 

28,493 

29,128 

30,028 

29,028 

28,897 

28,192 

Peak  Demand  Reduction  Compared  to  Base  Case: 

651 

Annual  Demand  Savings  at  $6,185  per  KWD: 

$48,317 

n.  ENERGY  COMPONENT 

Month 

Jun 

Jul 

Aug 

Sept 

Annual 

KWHR  usage  for: 

520  Ton  Chiller 

330,432 

430,572 

355,477 

269,063 

1,385,544 

Base  Case 

358,950 

427,172 

365,049 

284,634 

1,435,805 

Savings  Compared 
to  Base  Case: 

28,518 

-3,400 

9,572 

15,571 

50,261 

Annual  Energy  Savings  at  $.025  per  KWHR: 

$1,257 

TOTAL  ANNUAL  UTILITY  COST  SAVINGS  FOR 

THIS  ECO: 

$49,574 
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APPENDIX  F 


ENERGY  USAGE  AND 
PEAK  DEMAND 
COMPUTER  PRINTOUTS 


BASE  CASE 


CENTRIFUGAL  CHILLER 


Trane  Air  Conditioning  Economc 
Byi  C.D.S.  MARKETIKB 


V  m 
PA6E 


HONTKLY  ENER6Y  CONSLWPTION  -  ALTERNATIVE  3 
CONVENTIONAL  CENTRIFOBAL  CHILLER  SYSTEM 

- MONTHLY  E  N  E  R  6  Y  CONSUMPTION 


ELEC 

On  Peak 

DEMAND 

On  Peak 

HATER 

Month 

(kWh) 

(kN) 

{1000  61! 

Jan 

0 

0 

0 

Feb 

() 

0 

0 

March 

0 

0 

0 

April 

0 

0 

0 

May 

0 

0 

0 

June 

353,950 

837 

955 

July 

427,172 

969 

1,298 

Aug 

365,049 

873 

961 

Sept 

284,634 

775 

641 

Oct 

0 

0 

0 

Nov 

0 

0 

0 

Dec 

0 

0 

0 

Total 

1,435,304 

969 

3,855 

Building  Energy  Consueption  = 
Source  Energy  Ccnsueptlon  = 


17,054  (Btu/Sq  Ft/Yeer) 
51,163  >Btu/Sg  Ft/Year) 


Floor  Area  = 


237,340  (Sq  Ft} 


Irene  Air  Conditinnins  EccneiiCE 
By:  C.D.S,  HARKETINS  " 


y  too 

PA6E  6 


EQUIPMENT  ENERBY  CONSUMPTION  -  ALTERNATIVE  3 
CONVENTIONAL  CENTRIFUBAL  CHILLER  SYSTEM 

- EQUIPMENT  ENERBY  CONSUMPTION 


Ref 

Nui 

Equip 

Code 

Jan 

Feb 

Rar 

Apr 

Rcnthly  Com 
Ray  June 

£u#ption 

July 

Au§ 

Sep 

Oct 

Nov 

Dec 

Total 

0 

LISHTS 

ELEC 

0 

0 

0 

0 

0 

98298 

101575 

101575 

98298 

0 

0 

0 

399,745 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

250.0 

250.0 

250.0 

250.0 

0.0 

0.0 

0.0 

250.0 

1 

MISC  LD 

ELEC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

0 

A 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

KIEC  ID 

BAS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

A 

PK 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

HISC  LD 

OIL 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

A 

RISC  LD 

P  STEAR 

0 

0 

0 

0 

0 

0 

0 

A 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0 

G.O 

0.0 

0.0 

0.0 

0 . 0 

0 ,  (j 

0.0 

0.0 

0.0 

0.0 

5 

RISC  LD 

P  HDTH20 

0 

0 

0 

0 

0 

A 

0 

0 

0 

A 

0 

A 

A 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0,0 

0.0 

0.0 

0,0 

6 

RISC  LD 

P  CHILL 

0 

0 

A 

0 

A 

A 

0 

A 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

EBIOOIL 

ELEC 

0 

2-STB 

0 

CENTRIFUBAL 
0  0 

CHILLER 

0 

>550  TONS 

177105  imhh 

177143 

119148 

0 

0 

0 

?12y66i 

PK 

0,0 

0.0 

0.0 

0.0 

0,0 

5fc5.7 

657.3 

551.6 

453.2 

0.0 

0.0 

0.0 

657.3 

1 

EQMOO 

ELEC 

0 

COOLING  TONER  FANS 
0  0  0 

0 

518B7 

53596 

53596 

38149 

0 

0 

0 

197,206 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

72.0 

72.0 

72.0 

72.0 

0.0 

0.0 

0.0 

72.0 

1 

£05100 

MATER 

0 

C00LIN6  TONER  FANS 
0  0  0 

0 

955 

1298 

961 

641 

0 

0 

0 

3,855 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

3.1 

3,5 

3.1 

2.6 

0.0 

0.0 

0.0 

3.5 

1 

£05001 

ELEC 

0 

CHILLED  HATER 
0  0 

PUMP 

0 

-  CONSTANT  VOLUME 

0  201 to  20S32 

20832 

1S430 

0 

0 

0 

SO , 304 

PK 

0.0 

0.0 

0 . 0 

0.0 

0 . 

28.0 

28.0 

28. 0 

2S.0 

0 . 0 

0.0 

0,0 

f’ 

Trane  Air  CcnditiGninc  EcDn{?£icE 
By:  C.D.S.  HARKETIH6  * 
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EQUIPMENT  ENERGY  CONSUHPTION  -  ALTERNATIVE  3 
CONVENTIONAL  CENTRIFUGAL  CHILLER  SYSTEH 

- EBUIFHENT  ENERGY  CONSUKPTION 


Ref  Equip 
Nut  Code 

1  EQ5(iiO 
ELEC 
PK 


1  EQ5300 
ELEC 
PK 


Monthly  Consufipticn 


Jan  Feb  Har  Apr  Nay 

CONDENSER  HATER  PU«P“CV(HISH 
0  0  0  0  0 

0,0  0.0  0.0  0,0  0.0 

CONTROL  PANEL  INTERLOCKS 
0  0  0  0 
0.0  0.0  0.0  0.0 


June 

July 

Auq 

Sep 

Oct 

EFFIC.) 

10800 

11160 

11160 

9900 

0 

13.0 

15.0 

15.0 

15.0 

0.0 

720 

744 

744 

660 

0 

i.O 

1.0 

1.0 

i.O 

0.0 

Nov  De: 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


Total 

43,020 

13.0 


0 


2,G68 

i.O 


r 

i 


ECO  IH-1 


‘rsne  Air  Conditicninc  Eccnoaics 
Bvi  C.D.S.  ^ARKETINB  * 
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PAGE 


HONTHLY  ENERGY  CONSUMPTION  ^  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- MONTHLY  ENERGY  CONSUMPTION 


ELEC 

DEMAND 

On  Peak 

On  Peak 

NATER 

Month 

(k!^h! 

(kN! 

(1000  Gl) 

Jan 

0 

(1 

A 

Feb 

A 

0 

A 

March 

0 

0 

0 

April 

0 

0 

0 

May 

0 

A 

0 

June 

350,261 

749 

976 

July 

438,155 

7  82 

1,361 

Aug 

361,469 

763 

1,012 

Sept 

274,636 

730 

645 

Oct 

0 

0 

0 

Nov 

0 

0 

0 

Dec 

0 

0 

0 

Total 

1,424,541 

782 

3, .993 

Building  Energy  Consusption  = 
Source  Energy  Consuaption  = 


16,?2i  (Btu/Sq  Ft/Yeer) 
50,767  (Btu/Sq  Ft/Year) 


Floor  Area  = 


287,340  (Sq  Ft! 


TrsrfB  Air  Condi tiDnin”  Econosics 
By:  C.C.S.  (lARKETlHS 

EBUIPHENT  ENERBY  CDNSUR'^TiON  -  ALTERNATIVE  1 


V  600 
PABE  2 


8  HOUR  ICE  BUILD, 

16  HOUR  CHILLER  RUN 

r  i;  r  0 

c  V  r 

0  N  ^  U 

H  P  T  I 

0  N - 

Ref 

Equip 

- noKiniy  'wUJisuttWi-iui} 

Hui 

Code 

Jen 

Feb 

Rsr  Apr 

Hay 

June 

July 

Auq 

Sep 

Oct 

Ncv 

Dec 

Total 

0 

LI6HTS 

ELEC 

0 

0 

0  0 

0 

9B29B 

101575 

101575 

98298 

0 

A 

0 

3?9,745 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

250.0 

250,0 

250 . 0 

250.0 

0.0 

0.0 

0.0 

250.0 

1 

RISC  LD 

ELEC 

0 

0 

0  0 

A 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0,0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

«ISC  LD 

6A5 

0 

(J 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

KISC  LD 

OIL 

0 

0 

0  .  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0,0  0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4 

»ISC  LD 

P  STEAK 

0 

0 

0  0 

0 

0 

0 

0 

A 

A 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

5 

KISC  LD 

P  HaTH20 

0 

0 

0  0 

0 

0 

0 

A 

0 

0 

A 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

HI  SC  LD 

P  CHILL 

0 

0 

0  0 

A 

A 

0 

A 

0 

0 

A 

0 

0 

PK 

0.0 

■  0.0 

0,0  0.0 

0.0 

0,0 

0.0 

A  ^  A 

0.0 

0.0 

0,0 

0.0 

0.0 

1 

E81001L 

2- 

■STB  CENTRIFUSAL 

CHILLER 

>550  TONS 

ELEC 

0 

0 

0  0 

0 

180654 

262895 

136229 

115924 

0 

A 

0 

745,702 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

456.8 

476.6 

454.0 

435.9 

0.0 

0.0 

0,0 

476.6 

1 

EQMOO 

COOLING  TO^ER  FANS' 

ELEC 

0 

0 

0  0 

0 

36307 

37517 

37517 

27417 

0 

0 

0 

138,757 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

50.4 

50.4 

50.4 

50.4 

0.0 

0.0 

0.0 

50.4 

] 

£05100 

CDOLINE  TONER  FANS 

«ATER 

0 

0 

0  0 

0 

976 

1361 

1012 

645 

0 

0 

0 

3i993 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

2,4 

2.4 

2.4 

2.4 

0.0 

0.0 

0.0 

2.4 

1 

EQ500i 

CHILLED  NATER  PUHP 

-  CONSTANT  VCLUHE 

ELEC 

0 

(| 

0  0 

A 

20160 

20S32 

20832 

19320 

0 

0 

0 

81,144 

PK 

0.0 

0.0 

0 . 0  0 . 0 

0.0 

2B.0 

28.0 

28 , 0 

28.0 

0.0 

0.0 

0.0 

28.0 

Trane  Air  Conciticning  EccnoaicE 
By:  C.D.S.  HARKETldB  " 

EB'JlPdENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  1 
fl  HOUR  ICE  BLIIU,  16  HOUR  CHILLER  RUN 

- EBUiPKENT  ENERGY  C  0  N  S  U  ft  P  T  I  0  N 


fief 

Hue 

Equip 

Code 

Fefc  Msr  Apr  Hay  Gune  July 

Aug 

Sep 

Oct 

Kdv 

Dec 

Total 

1 

EQ5010 

ELEC 

0 

CONDENSER  NATER  PLIHP-CV(HIGH.  EFFIC.) 

0  0  0  0  7560  7812 

7812 

7245 

0 

0 

0 

30,429 

- 

PK 

0,0 

0.0  0.0  0.0  0.0  10.5  10.5 

10,5 

10.5 

0.0 

0,0. 

0,0 

10.5 

1 

EQ5300 

ELEC 

0 

CONTROL  PANEL  6  INTERLOCKS 

0  0  0  0  720  74A 

744 

690 

0 

f\ 

0 

2,898 

PK 

0,0 

0.0  0.0  0.0  0.0  1.0  1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

1 

EQ3013 

ELEC 

0 

HATER  CIRCULATING  PUHP  -  CONSTANT  VOLUME 

0  0  0  0  6562  6781 

6781 

5742 

0 

0 

0 

25,866 

PK 

0,0 

0.0  0.0  0.0  0.0  27.3  27.3 

27.3 

27.3 

0.0 

0.0 

0.0 

27.3 

ECO  IH-2 


Trane  Air  Conditioning  Econoiics 
By:  C.D.S.  «ARKETIK6 


V  fiOO 
PAGE  5 


MONTHLY  ENERGY  CONSUMPTION  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- MONTHLY  ENER6Y  CONS  U MPT 


Month 

ELEC 

On  Peak 
im] 

DEMAND 
On  Peak 

m 

NATER 
(1000  61) 

Jan 

0 

0 

(1 

Feb 

0 

0 

0 

March 

0 

0 

0 

April 

0 

0 

0 

May 

0 

0 

0 

June 

394,773 

1,051 

966 

July 

493,612 

1,269 

1,396 

Aug 

423,914 

1,137 

1,071 

Sept 

333 , 373 

1,034 

727 

Oct 

0 

0 

0 

Nov 

ft 

0 

0 

Dec 

0 

0 

0 

Total 

1,645,672 

1,269 

4,160 

0  N 


Building  Energy  Consufipticn  = 
Source  Energy  Consuffiption  = 


19,547  (Btu/Sq  Ft/Year) 
58,647  (Stu/£q  Ft/Veari 


Floor  Area  = 


287,340  (Sq  Ft) 


Trans  Air  Ccinditinriiri5  EcDnoiiss 
By:  C.D.S.  HABKETINS  ’ 


V  600 
PA6E  6 


E9U1PREKT  ENER6Y  CONSUMPTION  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

_ _ EBUIPREN.  T  ENER6Y  CONSUMPTION 


Ref 

Nue 

Equip 

Cods 

Oan 

Feb  Har  Apr 

-  Honthly  Consufiption 
Hay  June  July 

fiM  ^ 

Sep 

Oct 

Hdv 

Dec 

Total 

0 

LI6HTS 

ELEC 

0 

0  0  0 

0 

9S29B 

101575 

101575 

9S298 

0 

0 

0 

399,745 

PK 

0,0 

0.0  0.0  0.0 

0.0 

250.0 

250.0 

250,0 

250.0 

0.0 

0.0. 

0.0 

250.0 

1 

HI  SC  LD 

ELEC 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0,0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

2 

RISC  LD 

BAS 

0 

0  0  0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0.0 

PK 

0.0 

0,0  0.0  0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HI SC  LD 

OIL 

0 

0  0  0 

0 

0 

0 

A 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

G.O 

0.0 

0,0 

4 

RISC  LD 

P  STEAH 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

n  (\ 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0 . 0 

0.0 

0.0 

0.0 

0.0 

0,0 

5 

HI SC  LD 

P  H0TH20 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

t 

HISC  LD 

P  CHILL 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

1 

EBIOOIL 

ELEC 

0 

2-STE  CENTRIFUGAL  CHILLER 
0  0  0  0 

>550  TONS 

20342?  2958B? 

226191 

157929 

0 

0 

0 

883,438 

PK 

O.G 

0.0  0.0  0.0 

0.0 

82S.^ 

869,7 

32B,4 

803,2 

0.0 

0.0 

0.0 

669.7 

1 

EQ5100 

ELEC 

0 

COOLING  TONER  FANS 

0  0  0 

(J 

49705 

51362 

51362 

38126 

0 

0 

0 

190,556 

PK 

0.0 

0,0  0.0  0,0 

0.0 

92.0 

92.0 

92.0 

92.0 

0.0 

O.G 

0.0 

92.0 

1 

EQ5100 

WATER 

0 

COOLING  TONER  FANS 

0  0  0 

0 

1396 

1071 

727 

0 

0 

0 

4,160 

PK 

0.0 

0.0  0,0  0.0 

0.0 

3.6 

3.6 

3.6 

3.6 

0.0 

0.0 

0.0 

3.6 

i 

EQ500i 

ELEC 

PK 

0 

CHILLED  NATER  PUHP  - 
0  0  0 

CONSTANT  VOLUME 

0  20160  20332 

20832 

18928 

0 

0 

0 

80,752 

0.0 

0,0  0.0  0.0 

0.0 

2S.0 

2E.0 

28. 0 

28.0 

0.0 

0.0 

0.0 

23.0 

V  600 
PABE  7 


Trane  Air  CcnjJiticning  Ecanofiics 
By:  C.D.S.  flARKETIHS 

EQUIPMENT  ENERGY  CONSUMPTION  ~  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  10  HO‘jR  CHILLER  RUN 


EQUIPMENT  ENERGY  CONSUMPTION 


Ref 

i  r  r,  L  n  i  Lticr.  oi 

u-  11 

Equip 

Nu& 

Code 

Oan 

Feb  Mar 

Apr  May 

June  July 

Auq 

Sep 

Oct 

Ndv 

De: 

Total 

1 

EG50i0 

CONDENSER  KATER  PU!1P-CV(HIGH  EFFIC.) 

ELEC 

0 

0  0 

0  0 

10530  10S81 

loesi 

9672 

0 

0 

0 

41,964 

PK 

0.0 

0.0  0.0 

0.0  0.0 

19.5  19,5 

19.5 

19.5 

0.0 

0.0 

0.0 

19.5 

1 

EGS300 

CONTROL  PANEL 

fc  INTERLOCKS 

ELEC 

0 

0  0 

0  0 

720  744 

744 

676 

0 

0 

0 

2,834 

PK 

0.0 

0.0  0.0 

0.0  0.0 

i.O  1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

i.O 

1 

EQ50i3 

WATER  CIRCULATINE  PUflP  -  CONSTANT  VOLUNE 

ELEC 

0 

0  0 

0  0 

11931  12329 

12329 

9744 

0 

A 

0 

46 1 333 

PK 

0.0 

0.0  0.0 

0.0  0.0 

49.7  49.7 

49.7 

49.7 

0.0 

0.0 

0.0 

49.7 

ECO  IH-3 


i 


Trane  Air  Conditioning  Eccnotics 
By:  C.D.S.  ftARKETlNE 


V  600 
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HDKTHIY  ENERGY  CONSUNPTIQH  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILDj  12  HOUR  CHILLER  RUN 
_ _  D  N  T  H  L  Y 


ENERGY  C  G  N  5  U  R  P  T 


ELEC 

On  Peak 

CERAND 
On  Peak 

HATER 

Ronth 

(kNh) 

{m 

(1000  SI] 

Jan 

0 

0 

0 

Feb 

0 

0 

0 

Rarch 

0 

0 

0 

April 

e 

0 

0 

Ray 

0 

0 

0 

June 

354,932 

745 

960 

July 

460,020 

778 

1,378 

Aug 

359,978 

759 

969 

Sept 

275,994 

730 

636 

Oct 

0 

0 

0 

Nov  . 

0 

0 

0 

Bee 

0 

0 

0 

Total 

1,450,974 

778 

3,943 

I  0  N 


Building  Energy  Consuepticn  = 
Source  Energy  Consusption  = 


17,235  (Btu/Sq  Ft/Yeer) 
51,709  (Btu/Sq  Ft/Vear) 


Floor  Area  = 


287,340  (Sq  Ft) 


Trane  Air  Ccnditieriing  Eccnoftice 
By;  C.D.S,  MARKETING 


V  600 
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EBUIPMENT  ENERGY  CONSUMPTION  *  ALTERNATIVE 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 


— 

— -  E  6  0  i  P  d 

E  N  T 

E  N  E  R  B  Y  C  C  K  S  U 

d  P  T  1 

0  N - 

Ref 

Equip 

—  Monthly  Consuaption 

— 

Nufi 

Code 

Jar; 

Feb 

Mar  Apr 

May 

June  July 

Auq 

Sep 

Oct 

Ndv 

Dec 

0 

LIGHTS 

ELEC 

0 

0 

0  0 

0 

?829e  101575 

101575 

98298 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

250,0  250.0 

250.0 

250.0 

0.0 

0.0 

0.0 

1 

HISC  ID 

ELEC 

0 

0 

0  0 

0 

0  0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0,0  0.0 

0.0 

0,0  0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

2 

disc  LC 

6AS 

0 

0 

0  0 

0 

0  0 

0 

0 

0 

0 

0 

PK 

0.0 

0,0 

0.0  0,0 

0.0 

0.0  0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

HISC  LD 

OIL 

0 

0 

0  •  0 

0 

0  0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0,0  0,0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

c.o 

0.0 

A 

HISC  LD 

P  STEAM 

0 

0 

0  0 

0 

0  0 

0 

0 

0 

0 

A 

PK 

0.0 

0.0 

0.0  0.0 

0 . 0 

0.0  0.0 

0.0 

0.0 

0.0 

A  > } 

0.0 

5 

HISC  LD 

P  H0-TH20 

0 

0 

0  0 

0 

0  0 

0 

0 

A 

0 

{) 

PK 

0.0 

0,0 

0.0  0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

HISC  LD 

P  CHILL 

0 

0 

0  0 

0 

0  0 

0 

0 

0 

A 

0 

PK 

0.0 

0,0 

0.0  0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

1 

E51001L 

2- 

•STB  CENTRIFUGAL 

CHILLER 

>550  TONS 

ELEC 

0 

0 

0  0 

0 

182382  281667 

161625 

114203 

0 

A 

0 

PK 

0.0 

0.0 

0,0  0.0 

0.0 

47<,?  504.8 

477.4 

433.1 

0.0 

0.0 

0.0 

1 

E95100 

COOLIHS  TO«ER  FANS 

ELEC 

0 

0 

0  0 

0 

36019  37219 

37219 

27215 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

50,0  50,0 

50.0 

50.0 

0.0 

0.0 

0.0 

i 

E95100 

COOLING  TONER  FANS 

HATER 

0 

0 

0  0 

0 

960  1378 

969 

636 

0 

0 

0 

PK 

0.0 

0.0 

0,0  0.0 

0.0 

2.4  2.4 

2.4 

2.4 

0.0 

0.0 

0.0 

1 

EQ5001 

CHILLED  HATER  PUMP 

-  CONSTANT  VOLUME 

ELEC 

0 

0 

0  0 

0 

20160  20832 

20832 

19320 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

28.0  2B.0 

20 . 0 

28.0 

0.0 

0.0 

0.0 

3PP5?4!. 

250.0 


759, S7B 
50^.  B 


137,672 


V 

PfiSE  11 


Trane  fii'  Ccnditioning  EconcticE 
By:  C.C.S.  SARKETIKB 

EQUIPHENT  ENER6Y  CONSUMPTION  -  ALTERNATIVE  3 
12  HOUR  ICE  BUILD,  12  HOUR  CHILLER  RUN 


-EBUIPNENT  ENERBY  CDNSUHPTION 


Ref 

Nui 

Equip 

Code 

Jsn 

Feb  Mar  Apr  Hey  Tune  duly 

Aug 

Sep 

Oct 

Ndv 

Dec 

Tote:! 

1 

EQ5010 

ELEC 

0 

CONDENSER  HATER  PUMP-CV(HISH  EFFIC.) 

0  0  0  0  7560  7812 

7812 

72A5 

0 

0 

0 

30,429 

10.5 

PK 

0.0 

0,0  0.0  0.0  0,0  10.5  10,5 

10.5 

10.5 

0.0 

0.0. 

0.0 

1 

EQ5300 

ELEC 

0 

CONTROL  PANEL  i  INTERLOCKS 

0  0  0  0  720  744 

744 

690 

0 

0 

0 

2,898 

PK 

0.0 

0.0  0.0  0.0  0.0  1.0  1.0 

1.0 

I.O 

0.0 

0.0 

0.0 

1.0 

1 

EQ5013 

ELEC 

0 

HATER  CIRCULATINE  PUHP  -  CONSTANT  VOLUHE 
0000  9843  10171 

10171 

9023 

0 

0 

0 

39,209 

PK 

0.0 

0.0  0.0  0.0  0.0  27.3  27.3 

27.3 

27.3 

0.0 

0.0 

0.0 

27,3 

ECO  IH-4 


Trane  Air  Conditioning  Econotics 
By:  C.D.S.  rtARKETINB 


V  600 
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HONTHLY  ENERGY  C0NSL»HPTI0N  -  ALTERNATIVE  4 
12  HOUR  ICE  BUI ID j  6  HOUR  CHILLER  RUN 

_ MONTHLY  ENERGY  CONS  U HPT  I  ON 


Honth 

ELEC 

On  Peak 
(kNh) 

DEHAND 
On  Peak 

im 

WATER 
(1000  61) 

Jan 

0 

(} 

(1 

Feb 

0 

0 

0 

March 

0 

0 

0 

April 

0 

0 

0 

Hay 

0 

0 

0 

June 

393,143 

1,048 

9B7 

July 

505,719 

1,117 

1,412 

Aug 

426,572 

1,051 

1,079 

Sept 

322,145 

1,030 

724 

Oct 

0 

0 

0 

Nov 

0 

0 

0 

Dec 

0 

0 

0 

Total 

1,652,584 

1,117 

4,202 

Building  Energy  Consueption 

=  19, 

:629  (Btu/Sq 

Source  Energy 

Consuftp-tion 

=  53, 

,394  (Btu/Sq 

Ft/Vear)  Floor  Area  =  237,340  (Sq  Ft) 

Ft/Year) 


Trane  Air  ConditiDr; 

inc  Eccne 

>•?  r  c 

V  600 

By:  C.D.S.  fiARKETIHB  ' 
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A 

EBUIPKENT  EHERBY  CONSUMPTION 

»  ALTERNATIVE  4 

w 

12  HOUR  ICE  BUILD, 

6  HOUR  CHILLER  RUN 

r  kt  r  r 

.  p  V  r 

^  n  u  c  11 

U  D  T  T 

n  u - 

1 

i 

- t  b  u 

]  P  ^ 

LnLP.  LunwUiif  i  i 

Rel  Equip 

^  -  .L  .L  , 

- non  Lilly 

Nuc  Code 

^an 

Feb 

Mar 

Apr 

May 

June 

July 

Au5 

Get 

Ndv 

Dec 

Total 

0  LI6HTS 

ELEC 

0 

0 

0 

A 

0 

98293 

101575 

101575 

98298 

c 

A 

0 

399,7^5 

PK 

0.0 

0.0 

0.0 

0.0 

0,0 

250.0 

250.0 

250.0 

250.0 

0.0 

0.0. 

0.0 

250.0 

1  HI sc  LD 

ELEC 

0 

0 

0 

0 

0 

0 

0 

A 

0 

0 

0 

0 

A 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2  HISC  LD 

6AS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

~  3  HISC  LD 

OIL 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

A  HISC  LD 

P  STEAM 

0 

A 

A 

A 

0 

A 

0 

A 

A 

0 

0 

0 

0 

PK 

G.O 

0.0 

OrO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

A  ^  (} 

A ,  A 

• 

5  HISC  LD 

P  HDTH20 

0 

A 

A 

0 

A 

0 

0 

0 

0 

0 

0 

A 

0 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

G.O 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

h  HISC  LD 

P  CHILL 

0 

0 

A 

A 

0 

0 

0 

0 

A 

0 

0 

A 

(v 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1  EOlOOlL 

2- 

•STB  CENTRIFUBAL 

CHILLER 

>550  TONS 

ELEC 

0 

0 

0 

0 

0 

213085 

314486 

235339 

159344 

0 

A 

A 

q?'!>^254 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

742.1 

783.8 

746.0 

724.4 

0.0 

0.0 

0.0 

738.3 

1  EQMOO 

CCOLINS  TOWER  FANS 

ELEC 

0 

0 

0 

0 

0 

42142 

43546 

43546 

27714 

0 

0 

0 

156,948 

PK 

0,0 

0.0 

0.0 

0.0 

0.0 

78.0 

78.0 

73.0 

78.0 

0.0 

0.0 

0.0 

78.0 

1  EQ5100 

COOLINS  TOWER 

FANS 

* 

WATER 

0 

0 

0 

0 

0 

987 

1A12 

1079 

724 

0 

0 

0 

4,202 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

3.1 

3.3 

3.1 

3.1 

0.0 

0.0 

0.0 

i  EQ500i 

CHILLED  HATER  RUHR 

-  CONSTANT  VOLUHE 

ELEC 

0 

0 

0 

0 

A 

20160 

20832 

20832 

17640 

0 

0 

0 

79,464 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

26.0 

23.0 

28 . 0 

28.0 

0.0 

0.0 

0.0 

23 . 0 

• 

V  600 
PABE  15 


Trane  Air  Corvoiticning  Econofiice 
By:  C.D.S.  HAPKETINS  ' 

EQUIPMENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  4 
12  HOUR  ICE  BUILD,  6  HOUR  CHILLER  RUN 


E  Q  U  I  P  H  E  N  T  ENERGY  C  0  N  S  U  H  P  T  I  D  N 


Ref 

Nui 

Equip 

CDde 

Jan 

Feb  har  Apr  Hay  June  July 

Auq 

Sep 

Oct 

Nov 

Dec 

Total 

1 

EQ5.010 

ELEC 

0 

CONDENSER  NATER  PUnp-CVlHIGK  EFFIC,! 

0  0  0  0  SS32  SBlfc 

8916 

7110 

0 

0 

0 

33,275 

PK 

0.0 

0.0  0.0  0,0  0.0  15.9  15.8 

15.9 

15.8 

0.0 

0.0- 

0.0 

15.9 

1 

EI35300 

ELEC 

0 

CONTROL  PANEL  i  INTERLOCKS 

0  0  0  0  720  744 

744 

630 

0 

0 

A 

2,939 

PK 

0.0 

0.0  0.0  0.0  0.0  1.0  1,0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

1 

Ee5013 

ELEC 

0 

HATER  CIRCULATINE  PUHP  -  CONSTANT  VCLUHE 

0  0  0  0  15212  15719 

15719 

11409 

0 

0 

0 

59,060 

PK 

0.0 

0.0  0.0  0.0  0.0  42.3  42.3 

42.3 

42.3 

0.0 

0.0 

0.0 

42.3 

ECO  IH-5 


j 


Irene  Air  Conditioning  Econosics 
By:  C,D.S.  HARKETINB  * 


V  iOv 
PA6E  i 


HONTHLY  EHERSV  CONSUMPTION  -  ALTERNATIVE  2 
B  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- MONTHLY  ENER6Y  CONS U MPT 


ELEC 

On  Peak 

DEMAND 
On  Peak 

HATER 

Month 

(kNh) 

(k«! 

(1000  61) 

Jan 

0 

0 

0 

Feb 

0 

0 

(1 

March 

0 

0 

0 

April 

0 

0 

0 

May 

0 

(i 

0 

June 

353,977 

892 

942 

July 

453,487 

913 

1,359 

Aug 

379,911 

877 

1,011 

Sept 

297,377 

774 

678 

Oct 

0 

0 

0 

Nov 

0 

0 

0 

Dec 

0 

0 

0 

Total 

1,490,252 

913 

3,990 

Building  Energy  Coneiuption  = 
Source  Energy  Coneusption  = 


0  N 


17,701  (Btu/Sq  Ft/Year) 
53,10?  (Btu/Sq  Ft/Vear) 


Floor  Area  = 


287,340  (3q  Ft) 


Trerie  Air  CcnditiDRin?  EcoriDi::5 
By:  C.C,S.  HARKETING 


V  fcOO 
PAGE  2 


EBUIPMENT  ENERGY  CDNSUKPTION  *  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- ESUIPHENT  ENERGY  CONGUNPTION 


Ref 

Nus 

Equip 

Code 

Jan 

FeL 

Har 

Apr 

-  Honthly  Ccnsuipticn 
Hay  June  July 

Aug 

Sep 

Dct 

Ndv 

Dec 

Total 

0 

LIGHTS 

ELEC 

0 

0 

0 

0 

0 

9S29S 

101575 

101575 

98298 

0 

0 

0 

399,745 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

250.0 

250.0 

250.0 

250.0 

0.0 

0.0- 

0.0 

250.0 

1 

HI  sc  LD 

ELEC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

HISC  LD 

GAS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HIBC  LD 

OIL 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

0 

0 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

A 

filSC  LD 

P  STEA« 

0 

0 

A 

0 

0 

A 

(» 

0 

0 

0 

A 

A 

V 

0 

PK 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5 

H!BC  LD 

F  HDTH20 

0 

0 

0 

0 

0 

0 

A 

A 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

HIBC  LD 

P  CHILL 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0,0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0 . 0 

0.0 

0.0 

1 

EQIOOIL 

ELEC 

0 

2-STG  CENTRIFUGAL  CHILLER 
0  0  0  0 

>550  TONS 

181593  270190 

196615 

133902 

0 

0 

(» 

782,300 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

5B9.6 

619.0 

589.6 

571.6 

0.0 

0.0 

0.0 

619.0 

1 

£05100 

ELEC 

0 

COOL 

0 

INS  TONER  FANS 

0  0 

0 

^1349 

4272S 

42728 

31341 

0 

0 

0 

158,146 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

65.6 

65.6 

65.6 

65.6 

0.0 

0.0 

0.0 

65.6 

1 

EQ5100 

HATER 

0 

COOLING  TONER  FANS 

0  0  0 

0 

942 

1359 

1011 

678 

0 

0 

0 

3,990 

PK 

0.0 

0.0 

0.0 

0.0 

0.0 

3.1 

3.2 

3.1 

2.6 

0.0 

0.0 

0.0 

3.2 

t 

EQ500i 

ELEC 

0 

CHIL 

0 

,LED  HATER 
0 

PUHP  “ 
0 

CONSTANT  VOLUHE 

0  20160  20832 

20832 

1S92S 

A 

0 

A 

80,752 

PK 

0.0 

0.0 

0.0 

0.0 

0 , 0 

2S.0 

26.0 

28.0 

28.0 

0.0 

0.0 

0.0 

28.0 

Trane  Air  Cenditionin?  Econceice 
By:  C.B.S.  HARKETINS 


y  600 
PA6E 


EQUIPMENT  ENERBY  CONSUHPTION  -  ALTERNATIVE  2 
8  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


EBUIPHENT  ENERBY  CONSUMPTION 


Ref 

Nui 

Equip 

Code 

Jan 

Feb  Har  Apr  May  June  July 

Aug 

Sep 

Oct 

Nov 

Dec 

Total 

1 

EQ50i0 

ELEC 

0 

CONDENSER  HATER  PUMP-CV(HISH  EFFIC.) 

0  0  0  0  8505  8788 

87B8 

7?il 

0 

0 

0 

33,993 

PK 

0.0 

0.0  0.0  0.0  0,0  13.5  13,5 

13,5 

13.5 

0.0 

O.G. 

0.0 

13.5 

1 

EQ5300 

ELEC 

0 

CONTROL  PANEL  t  INTERLOCKS 

0  0  0  0  720  7AA 

744 

hit 

0 

0 

0 

2.88^ 

PK 

0.0 

0.0  0,0  0,0  0,0  1,0  1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

i 

EQ5013 

ELEC 

0 

NATER  CIRCULATING  PUMP  -  CONSTANT  VOLUME 

0  0  0  0  8352  8630 

8630 

6821 

0 

0 

0 

PK 

0.0 

0.0  0,0  0.0  0.0  3A.8  3A.8 

34.8 

34.8 

0.0 

0.0 

0.0 

34.8 

ECO  IT-1 


Trane  Air  Conditionino  Econoeics 
By:  C.B.S.  WARKETINB  ’ 


HONTHLY  ENERGY  CONSUHPTION  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- MONTHLY  ENERGY  CONSUMPTION 


ELEC 

DEMAND 

On  Peek 

On  Peek 

HATER 

Month 

(kNh; 

(k«! 

(1000  81} 

Jan 

(1 

(» 

(j 

Feb 

0 

0 

(1 

March 

0 

0 

0 

April 

0 

0 

0 

May 

0 

(} 

0 

June 

323,900 

643 

994 

July 

419,084 

859 

1,391 

Aug 

344,432 

647 

1 , 073 

Sept 

253,791 

637 

701 

Oct 

0 

0 

0 

Nov 

0 

0 

0 

Dec 

0 

0 

•  0 

Total 

1,346,20? 

85? 

4,160 

Building  Energy  Consuspticn  =  15,990  {Bt'j/Sg  Ft/Yeerj  Floor  Area  =  237,340  (Sq  Ft 

Source  Energy  Coneusption  =  47,975  {3tu/Se  Ft/Year) 


Trane  Air  Conditioning  Eccnomc 
6y:  E.D.S.  «ARK£T1KE 


y  600 
PABE  2 


EQUIPMENT  ENERBY  CONSUMPTION  -  ALTERNATIVE  1 
8  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 


- EQUIPMENT  ENERGY  CONSUMPTION 


fief 

fiU£ 

Eguip 

Code 

Jan 

Feb  Her  Apr 

-  Honthly  Consufipticn 
Hey  June  July 

Aug 

Sep 

Oct 

Hov 

1  OJ 

t 

1 

1 

Total 

0 

LIBHTS 

ELEC 

0 

0  0  0 

0 

9S29S 

101575 

101575 

9S29B 

0 

0 

0 

399,745 

PK 

0.0 

0.0  0.0  0.0 

0.0 

250.0 

250.0 

250.0 

250.0 

0.0 

0.0 

0.0 

250.0 

1 

MISC  LD 
ELEC 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

C.O 

2 

RISC  LD 

6AS 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

MISC  LD 

OIL 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.0 

PK 

*  0.0 

0.0  0.0  0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

KIBC  LD 

P  STEAPi 

0 

0  0  0 

(> 

(i 

0 

A 

(} 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5 

HISC  LD 

P  H0TH2G 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

H!SC  LD 

P  CHILL 

0  - 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

G 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

EQiOOiS 

ELEC 

0 

2-STe  CENTRIFUGAL  CHILLER 

0  0  0  0 

<550  TONS 

21564  38101 

23317 

9250 

0 

0 

0 

92,232 

PK 

0.0 

0.0  0.0  0.0 

0.0 

127.0 

297.2 

19c..  8 

99.5 

0.0 

0.0 

0.0 

297.2 

t 

EQ5100 

ELEC 

0 

COOL I NS  TONER  FANS 

0  0  0 

0 

7778 

8037 

8037 

3259 

0 

0 

0 

27,110 

PK 

0.0 

0.0  0.0  0.0 

0.0 

32.4 

32,4 

32.4 

32.4 

0.0 

0.0 

0.0 

32.4 

1 

ES5100 

HATER 

0 

COOLING  TONER  FANS 

0  0  0 

0 

113 

213 

128 

37 

0 

0 

0 

489 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.7 

l.i 

1.1 

O.c 

0.0 

0.0 

0.0 

l.c 

1 

E0300i 

ELEC 

0 

CHILLED  NATER  PUMP  - 
0  0  0 

CONSTANT  VOLUME 

0  0  0 

0 

0 

(1 

0 

0 

0 

PK 

0,0 

0,0  0.0  0.0 

G.O 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Trarie  Air  ConditioRing  Econoaics 
By:  C.D,£.  MARKET I MB 


V  600 
PAGE 


EQUIPMENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  1 
B  HOUR  ICE  BUILD,  16  HOUR  CHILLER  RUN 

- - - EQUIPMENT  ENERGY  CONSUMPTION 


Ref  Equip  - Msnthly  ConsusptioR 


Hu& 

Code 

Jan 

Feb  Rer  Apr  Mcy 

June 

July 

Aug 

Sep 

Oct 

Ncv 

Dec 

Total 

1 

EQ^OIO 

ELEC 

0 

CONDENSER  NATER  PUMP-CV(HI6H  EFFIC,) 
0  0  0  0  0 

0 

0 

0 

0 

0. 

A 

A 

PK 

0.0 

0.0  0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

EQ5300 

ELEC 

0 

CONTROL  PANEL  6  INTERLOCKS 
0  0  0  0 

240 

248 

248 

240 

0 

0 

c 

976 

PK 

0.0 

0,0  0.0  0,0  0.0 

i.O 

i.O 

i.O 

i.O 

0.0 

0,0 

0.0 

i.O 

2 

EGIOOIS 

ELEC 

0 

2-STB  CENTRIFUGAL  CHILLER 
0  0  0  0 

<550  TONS 
172858 

242234 

185728 

126004 

0 

0 

0 

726,824 

PK 

0.0 

0.0  0.0  0.0  0.0 

388.1 

402.1 

382.0 

371.5 

0.0 

0.0 

0.0 

402.1 

7 

EQ5100 

ELEC 

0 

CODLING  TONER  FANS 

0*  0  0  0 

22604 

nu\Ql 
.  1 

24913 

21198 

0 

0 

0 

96,908 

PK 

0.0 

0.0  0.0  0.0  0,0 

40.5 

40.5 

40.5 

40.5 

0.0 

0.0 

0.0 

40,5 

2 

EGMOO 

HATER 

COOLIHS  TONER  FA.NS 

0  0  0  0 

BSi 

1178 

94S 

664 

A 

A 

A 

w,..-.-  i 

PK 

0.0 

0.0  0.0  0.0  0.0 

2.0 

2.0 

1.9 

1.9 

0.0 

0.0 

0.0 

2.0 

2 

EQ500i 

ELEC 

0 

CHILLED  NATER  PUMP  -  CONSTANT  VOLUME 

0  0  0  0  0  0 

A 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

EQ5G10 

ELEC 

0 

CONDENSER  NATER  PUMP-CV(,HIGH  EFFIC. ) 
0  0  0  0  0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

EQ5300 

ELEC 

0 

CONTROL  PANEL  6  INTEFiOCKS 
0  0  0  0 

558 

615 

542 

0 

0 

0 

2,411 

PK 

0.0 

0.0  0.0  0.0  0.0 

i.O 

1.0 

i.O 

i.O 

0.0 

0.0 

0.0 

1.0 

ECO  IT-2 


Trane  Air  Conditioning  Econoiics 
By:  C.D.S.  rtARKETINB 


V  600 
PAGE 


ftONTHLY  ENERGY  CONSUHPTION  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 

- H  0  N  T  H  L  Y  ENERGY  C  0  N  S  U  «  P  T  I  0  N 


ELEC 

On  Peak 

DEMAND 
On  Peak 

HATER 

Wonth 

(kHh) 

m 

(1000  SI) 

Jan 

0 

0 

0 

Feb 

0 

0 

0 

March 

0 

0 

0 

April 

0 

0 

0 

May 

0 

0 

0 

June 

328,168 

606 

992 

July 

426,614 

830 

1,402 

Aug 

350,686 

631 

1,085 

Sept 

256,216 

596 

691 

Oct 

0 

0 

0 

Nov 

0 

0 

■  0 

_  Dec 

0 

0 

0 

Total 

1,361,684 

830 

4,170 

Building  Energy  Consusption  = 
Source  Energy  Ccneu^ption  = 


16,1?^  (Btu/Sq  Ft/Year) 
48,527  {Btu/Sq  Ft/Vesr) 


Floor  Area  = 


287,340  (Sq  Ft) 


Trane  Air  Conditioning  Econoiics 
By:  C.D.S.  HARKETIH6 

EQUIPMENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


Ref  Equip 
Nus  Code 

0  LIGHTS 
ELEC 
PK 

1  MISC  LD 
ELEC 

PK 

2  MISC  LD 
BAS 

PK 

3  MISC  LD 
OIL 

PK 

A  MISC  LD 
P  STEAM 
PK 

5  MISC  LD 
P  HDTH2D 
PK 

6  MISC  LD 
P  CHILL 
PK 

1  EQlOOiS 
ELEC 
PK 


1  EQ5100 
ELEC 
PK 

1  EQ5100 
NATER 
PK 


1  EQ!.00i 
ELEC 
PK 


EQUIPMENT  ENERGY  CONSUMPTION - 


Jan 


Feb 


Mar 


Apr 


-  Monthly  ConEuapticn  - 

Hay  June  July  Aug  Sep 


Dct 


Nov 


Dec 


0  0  0  0 

0.0  0.0  0.0  0,0 


0  98298  101575  101575  98298  0 

0.0  250.0  250.0  250,0  250.0  0.0 


0  0 

0.0-  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

A 

A 

A 

0 

0 

A 

0 

A 

0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0 

0 

0 

A 

0 

0 

0 

A 

0 

0.0 

0,0 

0.0 

0.0 

0.0 

0 . 0 

0,0 

0.0 

0.0 

0.0 

0.0 

0  - 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2-S7B  CENTRIFUSAL 

CHILLER 

<550  TONS 

0 

0 

0 

0 

0 

35030 

60854 

37450 

16871 

0 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

167.3 

322.6 

223.4 

136.5 

0.0 

0.0 

COOLING  TONER  FANS 

0 

0 

0 

0 

0 

0 

0 

12031 

12432 

12432 

6296 

0.0 

0.0 

0.0 

0.0 

0.0 

36.5 

36.5 

36.5 

36.5 

0.0 

0.0 

COOLING  TONER  FANS 

0 

0 

0 

0 

0 

0 

184 

332 

200 

73 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.9 

1.7 

1.3 

0.8 

0.0 

0.0 

CHILLED  NATER  RUHR 

-  CONSTANT  VOLUME 

0 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0.0 

0 

0.0 


0 

0,0 


0 

0,0 


0 

0.0 


0 


0.0 


0 

0.0 


0 

0 . 0 
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Total 


399,745 

250.0 


0 

0.0 


0 

0.0 


0 

0.0 


0 

0.0 


0 

0.0 


0 

0.0 


150,205 

322.6 


43,191 

36.5 


789 

1.7 


0 

0.0 


Trane  Air  Conditioning  EconoRics 
By:  C.D.S.  HARKETINB 


V  600 
PAGE  7 


EQUIPMENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  2 
11  HOUR  ICE  BUILD,  13  HOUR  CHILLER  RUN 


EQUIPMENT  ENERGY  CONSUMPTION 


Ref  Equip 
Nue  Code 

1  EQ5010 
ELEC 
PK 

1  EQS300 
ELEC 
PK 

2  EQlOOiS 
ELEC 

PK 


Jan 


0.0 


Feb 


Mar 


Apr 


-  Monthly  Consusptiori 
May  June  July 


CONDENSER  HATER  PUMP-CV(HIGH  EFFIC.) 
0  0  0  0  0 
0.0  0.0  0.0  0.0  0.0 


CONTROL  PANEL  h  INTERLOCKS 
0  0  0  0  0 
0,0  0.0  0.0  0.0  0.0 


Aug  Sep 


Oct 


Nov 


Dec 


2-STG  CENTRIFUGAL  CHILLER  <550  TONS 
0000  162701  225941  177462  117431 
0.0  0.0  0.0  0.0  349.3  361,9  343.8  334.3 


0.0 


0 

0.0 


0 

0.0 


Total 


0 

0 

0 

0 

0 

0 

0 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

330 

341 

341 

300 

0 

0 

0 

1,312 

1.0 

1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

683,536 

361.9 


2  EQ5100  COOLINS  TONER  FANS 

ELEC  0  0  0  0  0 

PK  0.0  0.0  0.0  0.0  0.0 


19250  24791  20854  16553  0  0 

36.5  36.5  36.5  36.5  0.0  0.0 


0.0 


81,447 

36.5 


2  £05100  COOLING  TONER  FANS 

HATER  0  0  0  0  0  809  1070 

PK  0.0  0.0  0.0  0.0  0.0  i.B  1.8 


618 

1.7 


0 

0.0 


A 

0.0 


A 

0.0 


3,382 


2  ES500i 
ELEC 
PK 

2  EQSOIO 
ELEC 


0 

0.0 


CHILLED  HATER  PUMP  -  CONSTANT  VOLUME 

0  0  0  0  0  0  0  0  0  0  0 

0.0  0.0  0.0  0,0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 


CONDENSER  HATER  PUMP-CV{HI6H  EFFIC.) 


0 


0 


PK 

0.0 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

EQ5300 

ELEC 

0 

CONTROL 

0 

,  PANEL  &  INTERLOCKS 

0  0  0 

528 

680 

572 

468 

PK 

0.0 

0.0 

0.0  0.0  0.0 

1.0 

1.0 

1.0 

1.0 

0 

0.0 


0 

0.0 


0 

0.0 


0 

[1.0 


0 

0.0 


0 

0.0 


0 

0.0 


1.0 


0 

0.0 


Trane  Air  Conditioning  Econo*icE 
By;  C.D.S.  «ARKETIN6 

ftONTHLY  ENERGY  CONSUHPTION  -  ALTERNATIVE  3 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- H  0  N  T  H  L  Y  ENERGY  CONSUHPTION 


ELEC 

On  Peak 

DEMAND 
On  Peak 

HATER 

Honth 

(kNhl 

(kN) 

(1000  61) 

Jan 

0 

0 

0 

Feb 

(I 

0 

0 

Harcb 

() 

0 

0 

April 

0 

0 

0 

Hay 

0 

0 

0 

ilune 

336,084 

864 

962 

July 

435,802 

1,118 

1,394 

Aug 

366,197 

1,047 

1,067 

Sept 

283,333 

883 

729 

Oct 

0 

0 

0 

Nov 

0 

0 

.  0 

Dec 

0 

0 

0 

Total 

1,426,416 

1,118 

4,152 

Building  Energy  ConsuEption  = 
Source  Energy  ConEusption  = 


lt,m  (Btu/Sq  Ft/Vear) 
JiO,B34  (Etu/£q  Ft/Yesr} 


Floor  Area 


287,340  (Sq  Ft) 


Trane  Air  Conditioning  Econoaic 
By:  C.D.S.  HARKETiNG 
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E8UIPHEKT  ENERGY  CONSUHPTION  -  ALTERNATIVE  3 
B  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- E  0  U  I  P  N  E  N  T  ENERGY  CONSUMPTION 


Ref  Equip  - Monthly  Consuaption 


Nui  Code 

tlan 

Feb  Har 

Apr 

May 

June 

July 

Aug 

Sep 

Oct 

Nov 

Dec 

Total 

0  LIGHTS 

ELEC 

0 

0  0 

0 

ft 

9B29B 

101575 

101575 

9829B 

0 

0 

0 

399,745 

PK 

0.0 

0.0  0.0 

0.0 

0.0 

250.0 

250.0 

250.0 

250.0 

0.0 

0.0 

0.0 

250.0 

1  HI  SC  LD 

ELEC 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2  HISC  LD 

SAB 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3  HISC  LD 

OIL 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4  HISC  LD 

P  STEAH 

0 

0  0 

0 

ft 

0 

0 

ft 

0 

(I 

0 

0 

ft 

0.0 

PK 

0.0 

0,0  0,0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5  HISC  LD 

P  H0TH20 

ft 

0  0 

0 

ft 

0 

0 

0 

0 

0 

ft 

0 

PK 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6  HISC  LD 

P  CHILL 

0 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1  EQiOOiS 

ELEC 

0 

2-ST6  CEHTRIFU6AL 
0  0  0 

CHILLER 

0 

<550  TONS 

21564  3B101 

23317 

9250 

0 

0 

0 

92,232 

PK 

0.0 

0.0  0.0 

0.0 

0.0 

127.0 

297.2 

196.B 

99.5 

0.0 

0.0 

0.0 

297.2 

1  EQ5100 

ELEC 

0 

C0QL1N6  TOHER  FANS 
0  0  0 

0 

7778 

8037 

8037 

3259 

0 

0 

0 

27,110 

PK 

0.0 

0.0  0.0 

0.0 

0.0 

32.4 

32.4 

32.4 

32.4 

0.0 

0.0 

0.0 

32.4 

1  EQ3100 
HATEP 

0 

CDOLIHS  TDHER 
0  0 

FAHS 

0 

0 

113 

213 

126 

37 

0 

0 

0 

489 

PK 

0.0 

0.0  0.0^ 

0.0 

0.0 

0.7 

1.6 

1.1 

0.6 

0.0 

0.0 

0.0 

1,6 

i  EQ5001 

ELEC 

0 

CHILLED  HATER 
0  0 

PUHP 

0 

-  CONSTANT  VOLUME 

0  0  0 

0 

ft 

ft 

ft 

(1 

0 

Trane  Air  Conditioning  Econciics 
By;  C.D.S.  HARKETINB 
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EQUIPMENT  EHERSY  CONSUMPTION  -  ALTERNATIVE  3 
8  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- EQUIPMENT  ENER6Y  CONSUMPTION  — 


Ref 

Nui 

Equip 

Code 

Jan 

Feb  Mar  Apr  May  June  July 

Aug 

Sep 

Oct 

Ndy 

Dec 

Total 

1 

EQ5010 

ELEC 

0 

CONDENSER  HATER  PUKP-CV(HIBH  EFFIC.) 
0  0  0  0  0 

0 

0 

A 

0 

0 

0 

A 

PK 

0,0 

0.0  0.0  0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

EQ5300 

ELEC 

0 

CONTROL  PANEL  i  INTERLOCKS 

0  0  0  0  2A0 

248 

248 

240 

0 

0 

0 

976 

PK 

0.0 

0.0  0.0  0.0  0.0  1.0 

1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

2 

EQIOOIS 

ELEC 

0 

2-STG  CENTRIFUGAL  CHILLER  <550  TONS 
0000  176044  251545 

197257 

147362 

0 

0 

0 

772,209 

PK 

0.0 

0.0  0.0  0.0  0.0  584.5 

631.1 

584.5 

566.6 

0.0 

0.0 

0.0 

631.1 

2 

EQ5100 

ELEC 

0 

CODLING  TONER  FANS 

0  0  0  0  31500 

35568 

35043 

29262 

0 

0 

0 

131,373 

PK 

0.0 

0.0  0.0  0.0  0.0  65.6 

65.6 

65.6 

65.6 

0.0 

0.0 

0.0 

65.6 

EQSIOO 

NATER 

0 

COOLING  TONER  FANS 

0  0  0  0  84? 

1181 

941 

692 

0 

0 

0 

3,663 

PK 

0.0 

0.0  0.0  0.0  0.0  3.0 

3,2 

2.9 

.  V 

0.0 

0.0 

0.0 

3.2 

2 

EQSOOi 

ELEC 

0 

CHILLED  HATER  PUMP  -  CONSTANT  VOLU.ME 

0  0  0  0  0  0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

EQSOiO 

ELEC 

0 

CONDENSER  HATER  PUMP-CV(HISH  EFFIC.) 
0  0  0  0  0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

EQ5300 

ELEC 

0 

CONTROL  PANEL  t  INTERLOCKS 

0  0  0  0  660 

728 

720 

662 

0 

0 

0 

2,770 

PK 

0,0 

0.0  0.0  0.0  0.0  1.0 

1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

1.0 

ECO  IT-4 


Trane  Air  Conditioning  Econoiics 
By;  C.D.S.  HARKETIHB 
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HONTHLY  EHER6Y  COHSUHPTION  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RON 

- HONTHLY  ENERGY  COHBUHPTIGN 


ELEC 

On  Peak 

DEHAND 
On  Peak 

HATER 

Honth 

(kNh) 

im 

(1000  Gl) 

Jan 

0 

0 

0 

Feb 

0 

0 

0 

Harch 

0 

0 

0 

April 

0 

0 

0 

Hay 

0 

0 

0 

June 

328,844 

736 

967 

July 

430,629 

981 

1,396 

Aug 

358,020 

913 

1,072 

Sept 

276,736 

690 

723 

Oct 

0 

0 

0 

Nov 

0 

0 

.  0 

Dec 

0 

0 

0 

Total 

1,394,229 

981 

4,159 

Building  Energy  Consuiption  =  16,561  (Btu/Sq  Ft/Veer)  Floor  Ares  =  2S7,;4u 

Source  Energy  Coneufipticn  =  49,687  (Btu/Sq  Ft/Yesr) 


(Sq  Ft) 


Trane  Air  Conditioning  Econotics 
By:  C.D.S.  MARKET INS 
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EQUIPWEHT  ENERGY  CONSUHPTION  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 


EQUIPMENT  ENERGY  CONSUMPTION 


Ref 

Nui 

Equip 

Code 

Jan 

Feb  Mar  Apr 

—  Monthly  Consuipticn 
May  June  July 

Aug 

Sep 

Oct 

Nov 

Dec 

Total 

0 

LISHTS 

ELEC 

0 

0  0  0 

0 

9B29B 

101575 

101575 

9S29S 

0 

A 

0 

399,745 

PK 

0.0 

0,0  0.0  0.0 

0.0 

250.0 

250.0 

250.0 

250.0 

0.0 

0.0 

0.0 

250.0 

1 

MI  SC  LD 

ELEC 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

A 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

2 

XISC  LD 

6AS 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

MISC  LD 

OIL 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4 

NISC  LD 

P  STEAM 

0 

0  0  0 

(1 

A 

0 

A 

0 

A 

0 

0 

0 

PK 

0.0 

0.0  0.0  0,0 

0 . 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5 

MISC  LD 

P  HDTH20 

0 

0  0  0 

(} 

0 

A 

0 

0 

0 

0 

0 

G 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6 

MISC  LD 

P  CHILL 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

EGIOOIS 

ELEC 

0 

2-STG  CENTRIFUGAL 

0  0  0 

CHILLER 

0 

<550  TONS 

35030  60854 

37450 

16871 

0 

0 

0 

150,205 

PK 

0.0 

0.0  0.0  0.0 

0.0 

167.3 

322.6 

223.4 

136.5 

0.0 

0.0 

0.0 

322.6 

1 

EQMOO 

ELEC 

0 

COOLING  TONER  FANS 
0  0  0 

0 

12031 

12432 

12432 

6296 

0 

0 

0 

43,191 

PK 

0.0 

0.0  0.0  0.0 

0.0 

36.5 

36.5 

36.5 

36.5 

0.0 

0.0 

0.0 

36.5 

1 

EQ5i00 

NATER 

0 

COOLING  TONER  FANS 
0  0  0 

0 

1B4 

332 

200 

73 

0 

0 

0 

789 

PK 

0,0 

0.0  0.0  0.0 

0.0 

0.9 

1.7 

1.3 

O.B 

0.0 

0.0 

0,0 

1.7 

1 

EQ5001 

ELEC 

0 

CHILLED  NATER  PUMP 
0  0  0 

-  CONSTANT  VOLUME 

0  0  0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

C.O  0.0  0.0 

0.0 

0.0 

0.0 

0 . 0 

0.0 

0.0 

0.0 

0.0 

0.0 

Trane  Air  Conditioning  Econofics 
By:  C.D.S.  SARKETINS 
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EQUIPHENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  7  HOUR  CHILLER  RUN 


EBUIPHENT  ENERGY  CONSUMPTION 


Ref 

Equip 

--  Hoffthly  Ccns! 

jfipticn 

Nui 

Code 

Jan 

Feb  tiar  Apr 

Hay 

June 

July 

Aug 

Sep 

Oct 

Nov 

Dec 

Total 

1 

EQ5010 

CONDENSER  HATER  PUHP-CV(HIGH  EFFIC.) 

ELEC 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

EQ5300 

CONTROL  PANEL  6  INTERLOCKS 

ELEC 

0 

0  0  0 

0 

330 

341 

341 

300 

0 

0 

0 

1,312 

PK 

0.0 

0.0  0.0  0.0 

0.0 

i.O 

1.0 

i.O 

i.O 

0.0 

0,0 

0.0 

1.0 

2 

ESIOOIL 

2-STB  CENTRIFUGAL  CHILLER  >550  TONS 

ELEC 

0 

0  0  0 

0 

160586 

227981 

180589 

133281 

0 

0 

0 

702,437 

PK 

0.0 

0.0  0.0  0.0 

0.0 

473.0 

500.4 

474.6 

459.2 

0.0 

0.0 

0.0 

500.4 

2 

EQSiOO 

C00LIN6  TO«ER  FANS 

ELEC 

0 

0  0  0 

0 

21957 

26735 

24956 

21089 

0 

0 

0 

94,736 

PK 

0.0 

0.0  0.0  0.0 

0.0 

50.  B 

50.8 

50.8 

50.8 

0.0 

0.0 

0.0 

50.8 

2 

EG5100 

COOLINS  TONER  FANS 

mi?. 

A 

0  0  0 

0 

784 

1064 

S72 

651 

0 

0 

0 

w  j  J  - 

PK 

0.0 

0.0  0.0  0.0 

0.0 

2.4 

2.5 

2.4 

2.4 

0.0 

0.0 

0.0 

7  «; 

2 

EQ5001 

CHILLED  WATER  PUHP  - 

CONSTANT  VOLUM 

iE 

ELEC 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

E350i0 

CONDENSER  HATER  PUHP-CV(HI6H  EFFIC.! 

ELEC 

0  ■ 

0  0  0 

0 

0 

A 

0 

0 

0 

0 

0 

0 

♦ 

PK 

0.0 

0.0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

2 

ES5300 

CONTROL  PANEL  6  INTE,RLOCKS 

ELEC 

0 

0  0  0 

0 

612 

712 

677 

602 

0 

0 

0 

2,603 

PK 

0.0 

0.0  0.0  0.0 

0.0 

1.0 

1.0 

i.O 

i.O 

0.0 

0.0 

0.0 

1.0 

ECO  IT-5 


'rant  Air  Conditionino  EconoiicE- 
By;  C.D.S.  HARKETING  * 


V  600 
PAGE  1 


MONTHLY  ENERGY  CONSUMPTION  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

- MONTHLY  ENERGY  C  0  N  S  U  M  P  T  I 


ELEC  DEMAND 

On  Peak  On  Peak  NATER 
(kNh)  m  {1000  GU 


Month 

Jan  0 

Feb  0 

March  0 

April  0 

May  0 

June  330,432 

July  430,572 

Aug  355,477 

Sept  269,063 

Oct  0 

Nov  0 

Bee  0 

Total  1,385,543 

Building  Energy  Coneueption  = 
Source  Energy  ConeuspLion  = 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

659 

987 

887 

1,401 

821 

1,079 

649 

717 

0 

0 

0 

0 

0 

0 

887 

4,184 

16,457  (Btu/Sq  Ft/Year) 
49,37?  (Btu/Sq  Ft/Year) 


Floor  Ares  = 


0  N 


237,340  {3q  Ft) 


Trane  Air  Conditioning  Economics 
By:  C.D.S.  MARKETING 

EQUIPMENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 


EQUIPMENT  ENERGY  CONSUMPTION 


Ref 

Nus 

Equip 

Code 

-Jan 

Feb 

Mar  Apr 

-  Monthly  Con 

May  June 

sueptiDn 

July 

Aug 

Sep 

Oct 

0 

LIGHTS 

ELEC 

0 

0 

0  0 

0 

9829B 

101575 

101575 

9B29B 

A 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

250.0 

250.0 

250.0 

250.0 

0.0 

1 

MISC  LD 

ELEC 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

MISC  LD 

GAS 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

MISC  LD 

OIL 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0,0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4 

MISC  LD 

P  STEAM 

0 

(1 

0  0 

0 

(} 

0 

A 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0 . 0 

0.0 

0.0 

0 . 0 

0,0 

0,0 

5 

MISC  LD 

P  H0TH20 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

6 

MISC  LD 

P  CHILL 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 

EQIOOIS 

aEC 

0 

2-STB  CENTRIFUGAL 
0  0  0 

CHILLER 

0 

(550  TONS 

35030  i085i 

37450 

16871 

0 

PK 

0.0 

0,0 

0.0  0.0 

0,0 

167.3 

223.4 

136.5 

0.0 

1 

EQSiOO 

ELEC 

0 

COOLING  TONER  FANS 
0  0  0 

0 

12031 

12432 

12432 

6296 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

36.5 

36.5 

36.5 

36.5 

0.0 

1 

E85i00 

NATER 

0 

COOLING  TONER  FANS 
0  0  0 

0 

184 

332 

200 

73 

0 

PK 

0.0 

0.0 

0.0  0.0 

0.0 

0.9 

1.7 

1.3 

0.8 

0.0 

] 

E9500i 

ELEC 

0 

CHILLI 

(1 

ID  NATER  PUMP 
0  0 

-  CONSTANT  VOLUME 

0  0  0 

A 

0 

0 

Nov  Dec 


0  0 

0.0'  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 

0  0 

0.0  0,0 

0  0 

0.0  0.0 

0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


0  0 

0.0  0.0 


(1 


V  600 
PAGE  2 


Tots] 


399  5 

250.0 


0 

0.0 


0 

0.0 


0 

0.0 


0 

0.0 


0 

0.0 


0 

0.0 


150,205 

322.6 

^3,191 

36.5 


789 

i.7 


0 


Trsns  Air  ConditioriiRO  Econosics 
gy:  C.D.S,  HARKETINS 


y  600 

PABE  3 


EQUIPMENT  ENERGY  CONSUMPTION  -  ALTERNATIVE  4 
11  HOUR  ICE  BUILD,  10  HOUR  CHILLER  RUN 

_ ESUI  PHENT  E  NER6Y  CONS U MPT  I  DK 


fief  Equip 
Nufi  Code 

1  EQSOiO 
ELEC 
PK 


ELEC 

PK 

2  EQIOOIS 
ELEC 
PK 

2  EQ5100 
ELEC 
PK 

2  EG5100 

«atef; 

PK 

2  EQ500i 
ELEC 
PK 

2  E95010 
ELEC 
PK 


2  E95300 
ELEC 
PK 


Monthly  Consunption 


Oan 

Feb  Mar  Apr 

May 

June 

July 

Aug 

Sep 

Oct 

Nov 

Dec 

CONDENSER  NATER  PUMP-CV{HISH  EFFIC.I 

0 

0  0  0 

(j 

A 

0 

A 

0 

0 

A 

0 

0.0 

0.0  0.0  0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CONTROL  PANEL  t  INTERLOCKS 

0 

0  0  0 

0 

330 

341 

341 

300 

0 

0 

0 

0.0 

0.0  0.0  0.0 

0.0 

1.0 

1.0 

1.0 

1.0 

0.0 

0.0 

0.0 

2-STB  CENTRIFUGAL  CHILLER  <550  TONS 

0 

0  0  0 

0 

U39yj 

229271 

1B0253 

128004 

0 

0 

0 

0.0 

0.0  0.0  0.0 

0.0 

403.3 

41B.2 

394.0 

384.  B 

0.0 

0.0 

0.0 

COOLING  TONER  FANS 

0 

0  0  0 

0 

20222 

25404 

22792 

18753 

0 

0 

0 

0.0 

0.0  0.0  0.0 

0.0 

42.1 

42.1 

42.1 

42.1 

0.0 

0.0 

0.0 

COOLING  TONER  FANS 

0 

0  0  0 

0 

304 

iOi-9 

£79 

64- 

A 

0 

tV 

0.0 

0.0  0.0  0.0 

0.0 

2.0 

2.0 

2.0 

2.0 

0.0 

0.0 

0,0 

CHILLED  NATER  PUMP  - 

CONSTANT  VOLUME 

0 

0  0  0 

0 

0 

0 

0 

A 

0 

0 

0 

0.0 

0,0  0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CONDENSER  NATER  PUMP-CV(HIBH  EFFIC. 

) 

0 

0  0  0 

0 

0 

0 

0 

0 

0 

A 

f) 

0.0 

0,0  0,0  0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CONTROL  PANEL  i  INTERLOCKS 

0 

0  0  0 

0 

370 

69^ 

634 

542 

0 

0 

0 

0.0 

0.0  0.0  0,0 

0.0 

1.0 

1.0 

1.0 

1,0 

0.0 

0.0 

0.0 

TdIbI 


0 

0.0 


1,312 

1.0 


701,478 

418.2 


87,171 

42.1 


0 

0.0 


0 

0.0 


2,442 

1.0 


APPENDIX  G 


CONCEPTUAL  COST  ESTIMATES 


BASE  CASE  ESTIMATE 


CENTRIFUGAL  CHILLER 


3^  fjM  I  »0  XtCIXKI  I  ailN  I 


DESCRIPTION 


HILLER 


LGTWR(900  TONS) 


TOTAL 


$162,000.00 


$36,000.00 


RS/UNI  OST/UNI  TOTAL  HRS  TOTAL  COST 


$72,000.00 


$5,625.00 


1.00  I  $80.00 


1.00  $6.25 


:ntilation  system 


FRIGERATION  MONIT 


HILLED  WTR  SYSTEM 


PUMPS  1440  GPM 


BUTTERFLY  VALVES 


RMOMETERS 


RESSURE  GAGES 


LIEF  VALVES 


1"  BALL  VALVES 


AGE  COCKS 


"  AIR  SEPARATOR 


.EXBLE  CONNECTOR 


CHEMICAL  POT  FEEDER 


”  PIPING 


PIPING 


/4"  PIPING 


INSULATION 


"  INSULATION 


ir  INSULATION 


a 


$3,803.00 

18.00 

$900.00 

$2,070.00  = 

5.33 

$266.50 

$66.00 

0.25 

$12.50 

$33;00  r 

0.25 

$12.50 

$79.00 

0.33 

$16.65 

:■  $97.60 

0.42 

;$2L05 

$61.00 

0.42 

$2L05 

$2,525.00 

8.00 

$400.00 

=  $464.00 

4.00 

$200.00 

TOT.AL 


234,000.00 


$41,625.00 


$0.00 


$1,000.00 


$4,500.00 


$4,103  m 


150  GAL  EXP  TANK 


ILL  VALVE  ASSEMBLY 


aiaaiiiaiiaKiSaigii 


1"  STRAINER 


SUCTION  DIFFUSER 


$42.50 

$17,000.00 

1.26 

$63,15 

$5.30 

..$265.00 

0.12 

$5.90 

$2.08 

$104.00 

0.11 

$5.40 

$2.23 

$892.00 

0.16 

$8.00 

$0.80 

. $40.00 

0.08 

$4.00 

$0,28 

$14.00 

0.07 

$3.50 

$1,599.00 


$25.00 


$25.00 


$16.65 


$168.40 


$105.25 


$400.00 


$400.00 


$25,260.00 


$295.00: 


-  $270.00  i 


$3,200:00 


$200.00 


$3,669.00 


$91.00 


..  $95.65 


$266.00 


$166.25 


$2,925.00 


$864.00 


$2,000.00 


$42,260.00 


$560.00 


$374.00 


$4,092.00 


$240.00 


$189.00 


$113.00 


$35.00 


$13.75 


EA  |$2, 208.00 


2,093.00 


Subtotals: 


;=:$845.00 

4.00 

$113.00 

0,42 

:  $35.00 

0.67 

$13.75  ^ 

0,47 

$2,208.00 

8.00 

$2,093.00 

8.00 

tigriTiliiai 


$21.05 


$33.35  ; 


$23.55 


$400.00 


$400.00 


$200.00 

$1,045.00 

$21.05 

$134.05 

$33,35  ; 

$68.35 

$23.55 

$37.30 

$400.00 

$2,608.00 

$400.00 

$2,493.00 

|::$230,821.35~ 


[$111,742.25  |$350, 063.60 


Sales  Tax: 


Overhead: 

Profit: 

Subtotal: 


10% 

$35,006.36 

10% 

$38,507.00 

5423,576.96 


Bond: 

Contingen 


$0.00 

15% 

$63,536.54 

1$487, 113.50 


Grand  Total: 


Project  Name: 

COE  FLW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  CC-1 

Date: 

April  10,  1995 

Prepared  By: 

MELISSA  RUSSO 

Sheet: 

PAGE  2 

1 

MECHANICAL-HVAC 

FSTIMATF.  OF  CONSTRUCTION  COST 


ITEM 

MATERIAL 

ai 

DESCRIPTION 

QTY. 

UNIT 

COST/UNIT 

TOTAL 

..ir'-y-V..  ■  ::T.r- 

n 

CONDENSER  WTR  SYS 

HI 

PUMPS  2160  GPM 

1 

EA 

$5,900.00 

$5,900.00 

GRISWOLD  SEPARATOR 

1 

EA 

$5,850.00 

$5,850.00 

10"  BUTTERPLY  VALvE 

6 

EA 

$425.00 

$2,550.00 

PRESSURE  GAGES 

3 

EA 

$16.50 

$49.50 

BALANCING  VALVES 

1 

EA 

$56.00 

$56.00 

AUTO  PURGE  VALVE 

1 

EA 

$1,050.00 

r’BALL  VALVES 

6 

EA 

$12.20 

$73.20 

FLEXIBLE  CONNECTOR 

3 

EA 

$340.00 

$1,020.00 

1-1/2"  STRAINERS 

2 

EA 

$47,00 

$94.00 

THERMOMETERS 

2 

EA 

$33.00 

$66.00 

GAGE  COCKS 

7 

EA 

$12.20 

$85.40  ^ 

10"  PIPING 

400 

LF 

$73.00 

3"  PIPING 

50 

LF 

$6.60 

$330.00 

2"  VENT  PIPING 

10 

LF 

$4.12 

$41.20 

1"  DRAIN  PIPING 

15 

LF 

$2.18 

$32.70 

1-1/2"  BALL  VALVES 

3 

EA 

$18.05 

:-$54,.15;J5:! 

CHEM  FEED  PUMP/TAN 

1 

LS 

:  $0.00  i; 

SOLENOID  VALVE 

1 

EA 

$410.00 

$410.00 

3"  BUTTERFLY  VALVES 

2 

EA 

$185.00 

$370.00 

rniPLE  DUTY  VALVE 

1 

EA 

$2,208.00 

$2,208.00 

SUCTION  DIFFUSER 

1 

$1,053.00 

$1,053.00 

PRO!  MAN/MISC  COSTS 

1 

LS 

...  ..  ^  .  ..  .. 

SEISMIC 

1 

LS 

TV 

CONTROLS 

1 

LS 

BALANCING 

1 

LS 

■  '  ■  •  •  •  r 

I  Subtotals: 

i 


$50,493.15 


Sales  Tax: 


$0.00 


ase  Labor  Rate: 


Hty  Multiplier: 

0% 

iffective  Labor  Rate: 

$50.00 

MATERIAL/ 

LABOR 


HRSAJNrrl  COST/UNIT  I  TOTAL  HRS  |  TOTAL  COST  |  TOTAL 


$1,200.00. 

24.00 

$1,200.00 

$7,100.00 

$400.00 

8.00 

$400.00 

$6,250.00 

$300.00 

36.00 

$1,800.00 

$4,350.00 

$12.50 

0.75 

$37.50 

$87.00 

$22.20 

0  44 

,$22.20  y 

$78.20  := 

$36.35 

■  ^tvt0:73- 

$36.35 

$1,086.35 

$21.05 

■,:v2.53  ' 

$126.30 

$199.50  ;; 

$225.00 

■■  ■-13.50,;-t 

$675.00 

$1,695.00 

$28.55 

L14 

$57.10 

$151.10 

:$12.50 

0.50 

$25.00 

j$21.05 

2.95 

$147.35 

$232.75  T 

$75.00 

600.00 

$30,000.00 

$59,200.00 

;  $18.60 

18.60 

$930.00 

$1,260.00  v 

$13.10 

2.62 

$131.00 

$172.20  * 

■:::.$7.55 

=  2.27  : . 

$113.25 

$145.95  i! 

$30.75  : 

1.85 

$92.25  . 

$146.40 

$0.00 

r.0.00 

$0.00 

$2,000.00 

$37.50 

0.75 

$37.50 

$100.00 

=  4.00 

$200.00 

BSSS&H 

$400.00 

800  ; 

$400.00 

$2,608.00 

$300.00 

6.00 

$300.00  1 

$1,353.00 

$34,400.00 


$7,500.00 


$60,000.00 


$4,000.00 


734.62  \  $36,730.86"!  $195,123.95 

Overhead:  10% 

Profit:  10% 


Subtotal: 


I  $234, 148.74 


Contingency:  15%  I  $35,122.31 

Grand  Total:  I  $269,271 .05 


rojcct  Number: 


ate: 


Prepared  By: 


heet: 


*t.  Leonardwood  Chiller  Study  -  Alt.  CC-1 

11 

ase  Labor  Rate:  1 

1  $28.50 

P30073-0017 


L\ugust  17,  1995 


IS.  Benway 


1  of  2 


Hectrical 


-ity  Multiplier  (Labor): 


Effective  Labor  Rate: 


Jity  Multiplier  (Material): 


[•KMtJ 


MATERIAL 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


1/2"  Rigid  Connector 


1/2"  Conduit  Hanger 


1/2"  Flex  Conduit 


1/2"  Flex  Connector 


kv  Fuse 


"  Elbow 


- ^ 


1  1/4"  EMT  conduit 


150amp  fuse 


I  lia  »iM.  I 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


ISOamp  switch  in  Panel 


1  thwn  cu.  conductor 


1  1/2"  EMT  conduit 


175amp  fuse 


1  1/2”  Flex  Conduit 


1  1/2"  Flex  Connector 


OOamp  switch  in  Panel 


n/a 


$2.75 


$98.23 


n/a 


$5.60 


$2.16 


$23.58 


$294.70 


$22.60 


n/a 


$1.14 


$1.21 


$29.00 


EA  $20.00 


EA  $1,360.51 


L.F.  $1.07 


EA  $6.38 


EA  $918.38 


$1.60 


$1.90 


$21.00 


EA  $160.50 


EA  $1,400.00 


L.F. 


EA  $9.50 


EA  $1,000.00 


TOTAL 


$0.00 


$0.00 


$504.00 


$1,200.00 


$0.00 


$228.00 


$48.00 


$40.00 


$11.00 


$900.00 


$46.00 


$0.00 


$0.00 


$173,40 


$49.27 


$88.57 


$20.36 


$1,385.00 


$5.45 


$12.98 


$934.91 


$0.00 


$0.00 


$244.32 


$77.37 


$64.13 


$163.39 


$1,425.20 


$9.16 


$19.34 


lIMBIBIitil 


COST/UNIT 


$0.00 


$2,820.00 


$1.43 


$40.00 


$200.00 


$5.70 


$40.00 


$20.00 


$7.60 


$11.50 


$157.00 


$28.50 


$260.00 


$0.00 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$345.00 


$3.71 


$6.51 


$65.09 


$3.75 


$5.86 


$19.53 


$390.56 


$358.02 


.58 


$13.67 


$260.38 


$0.00 


$0.00 


TOTAL  HRS 


0.00 


86.64 


7.90 


14.75 


6.15 


7.01 


7.37 


2.46 


1.17 


0.71 


14.47 


1.75 


7.99 


0.00 


0.00 


3.00 


3.20 


0.60 


4.00 


10.60 


0.57 


0.40 


2.00 


0.00 


0.00 


17.27 


7.20 


1.80 


12.00 


11,00 


2.70 


0.84 


8.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0 


0.00 


0.00 


0.00 


0 


TOTAL  COST 


$0.00 


$2,820.00 


$257.00 


$480.00 


$200.00 


$228.00 


$240,00 


$23.00 


$471.00 


$57.00 


$260.00 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


$345.00 


$18.55 


$65.09 


$0.00 


$0.00 


$561.99 


$234.34 


$390.56 


$358.02 


$87.88 


$27.34 


$260.38 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


MATERUL/ 

LABOR 


TOTAL 


$0.00 


$2,820,00 


$761.00 


$1,680.01 


$200.00 


$456.00 


$288.00 


$120.00 


$49.00 


$71.00 


$1,371.00 


$103.00 


$260.00 


$0.00 


$0.00 


$153.42 


$108.09 


$150.55 


$24.00 


_ BflBI 

KiiliWiIiMl 


$806.31 


$311.71 


$122.72 


$553.95 


$1,783.22 


$1,278.38 


$0. 


reject  Number: 


ate: 


'repared  By: 


heet: 


't.  Leonardwood  Chiller  Study 


©30073-0017 


August  17,  1995 


S.  Benway _ 


p  of  2 


Electrical 


lase  Labor  Rate: 

$28.50 

Eity  Multiplier  (Labor): 

1 14% 

ilffective  Labor  Rate: 

$32.55 

Jtty  Multiplier  (Material): 


MATERUL 


MATERIAL/ 

LABOR 


a 

DESCRIPTION 

EEQI 

UNIT 

IMKirilKlIil 

TOTAL 

RS/UNI 

Cond.  Water  Punip-25hp 

$0.00 

WSk 

^4  thwn  cu.  conductor 

nssii 

L.F. 

$0.39 

$71.46 

0.02 

1^ 

1  1/4"  EMT  conduit 

m\ 

L.F, 

$1.21 

$61.59 

0.08 

90amp  fuse 

3 

EA 

$10.15 

$31.00 

0.20 

ESI 

Connection  to  Equipment 

1 

EA 

$30.00 

$30.54 

4.09 

glM 

1 

EA 

$1,356.58 

$1,381.00 

10.60 

ESI 

1  1/4"  Flex  Conduit 

5 

L.F.. 

$5.45 

0.11 

43 

1  1/4"  Flex  Connector 

2 

EA 

$12.99 

0.20 

44 

lOOamp  switch  in  Panel 

1 

EA 

$918.38 

$934.91 

2.00 

Subtotals:  I$1 1,244.79  I 


Sales  Tax:  I  0%  $0.00 


COST/UNIT 

TOTAL  HRS  1 

$0.00 

■ESHI 

$0.65 

wtmam 

$2.60 

4.00 

$6.51 

0.60 

$133.17 

4.09 

$345.00 

10.60 

0.55 

0.40 

$65.09 

2.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingency: 
Grand  Total: 


$117.17 


$130.19 


$19.53 


$133.17 


$345.00 


$17.90 


$191.78 


$50.53 


$163.71 


$1,726.00 


$23.35 


$26.01 


10% 

$2,001.21 

10% 

$2,201.33 

ICE  HARVESTER  SYSTEM 


COST  ESTIMATES 


RuTSlS^pTSLBHTilfni 


:0E  FLW  THERMAL  STORAGE 


reject  Number:  |930073-0017  ALTERNATIVE  IH-1 


pril  05,  1995 


ELISSA  RUSSO 


AGE  1 


:CHANICAL-HVAC 


Base  Labor  Rate: 

City  Multiplier: 

0% 

Effective  Labor  Rate: 

$50.00 

TOTAL  HRS 


1"  STRAINER 


PLE  DUTY  VALVE 


UCTION  DIFFUSER 


Subtotals: 


|$668, 946.35  I 


TOTAL  COST 


$84,875.00 


$5,000.00 


$0.00 


$0.00 


$4,000.00 


$0.00 


$0.00 


$900.00 


$0,00 


$1,599.00 


$25.00 


$25.00 


$16.65 


$168.40 


$105,25 


$400.00 


$400.00 


$0.00 


$25,260.00 


$590.00 


$270.00 


$3,200.00 


$21.05 


$33.35 


$23.55 


$300.00 

$250.00 


MATERIAL/ 

LABOR 


TOTAL 


$691,125.00 


$22,000.00 


$8,000.00 


$49,725.00 


$18,328.00 


$0,00 


$4,703.00 


$0.00 


$3,669.00 


$91.00 


$58,00 


$95.65 


$266.00 


$2,925.00 


$864.00 


$2,000.00 


$42,260.00 


$1,120,00 


$374.00 


$4,092.00 


$480.00 


$134.05 


$68.35 


$37.30 


$1,638.00 


$1,455.00 


Sales  Tax: 


2564.75  I  $128,237.25  I  $856,908.60 


Overhead: 

Profit: 


10% 

$85,690.86 

10% 

$94,259.95 

Subtotal: 


l$l, 036,859.41 


Bond: 

Contingency: 


$0.00 

15% 

$155,528.91 

|$1, 192, 388.32] 


Grand  Total: 


reject  Number: 


ate: 


1930073-0017  ALTERNATIVE  IH-1 


L\pril05,  1995  _ 


iLISSA  RUSSO 


AGE  2 


ECHANICAL-HVAC 


Jase  Labor  Rate: 

"ity  Multiplier: 

0% 

-Effective  Labor  Rate: 

$50.00 

CONDENSER  WTR  SYS 


UMPS  1510  GPM 


RISWOLD  SEPARATOR 


10"  BUTTERFLY  VALVE 


RESSURE  GAGES 


ALANCING  VALVES 


UTO  PURGE  VALVE 


T'BALL  VALVES 


•LEXIBLE  CONNECTOR 


1-1/2"  STRAINERS 


HERMOMETERS 


AGE  COCKS 


10"  PIPING 


"  PIPING 


"  VENT  PIPING 


1"  DRAIN  PIPING 


1-1/2"  BALL  VALVES 


"HEM  FEED  PUMP/TAN 


OLENOID  VALVE 


"  BUTTERFLY  VALVES 


UNIT 

COST/UNIT 

TOTAL 

$0.00 

$0.00 

EA 

$2,693.00 

$2,693.00 

EA 

$4,750.00 

EA 

$425.00 

$2,550.00 

EA 

$16.50 

$49.50 

EA 

$56.00 

EA 

$1,050.00 

EA 

$73.20 

EA 

1  $340.00  1 

;  $1,020.00 

HRS/UNIT  COST/UNIT 


$0,00 


$0.00 


$900.00 


$400.00 


$300.00 


$12.50 


$22.20 


$36.35 


$21.05 


$225.00 


$28.55 


TOTAL  HRS  TOTAL  COST 


$0.00 


$0.00 


$900.00 


$400.00 


$1,800.00 


$36.35 


$126.30 


$675.00 


0 


Subtotals: 


|$45, 468.15  I 


Sales  Tax: 


$300.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


MATERUL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$3,593.00 


$5,150.00 


$4,350.00 


$87.00 


$78.20 


$1,086.35 


$199.50 


$1,695.00 


$151.10 


$91.00 


$232.75 


$59,200.00 


$1,260.00 


$172.20 


$2,000.00 


$447.50 


$570.00 


$0.00 


$1,738.00 


$1,505.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


10% 

$8,389.90 

10% 

$8,389.90 

728.62  I  $36,430.80  J  $83,898.95 


Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingency: 


$0,00 


$15,101.81 


Grand  Total: 


OE  FLW  THERMAL  STORAGE  | 

MectNumber:  930073-0017  ALTERNATIVE  IH-1  | 

bate:  |A 

pril  05, 1995 

DELISSA  RUSSO 

bheet:  P 

AGES 

lECHANICAL-HVAC 

lUfflll 

PE  OF  CONSTRUCTION  COS 

ase  Labor  Rate: 


"ity  Multiplier: 

0% 

effective  Labor  Rate: 

$50.00 

MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$0.00 


$12,740.00 


$4,350.00 


$91.00 


Subtotals: 


|$24,723.60| 


$24,000.00 


$0.00 


$10,000.00 


$0.00 


$90,000.00 


$0.00 


$4,000.00 


$0.00 


$0.00 


135.25  I  $6,762.65  |  $159,486.25 


Sales  Tax: 


10% 

$15,948.63 

10% 

$15,948.63 

Subtotal: 


I  $191,383.50 


Bond: 

Contingency: 


$0.00 

15% 

$28,707.5'3 

$220,091.03 


Grand  Total: 


reject  Number: 


ate: 


repared  By: 


beet: 


't.  Leonardwood  Chiller  Study  -  Alt  IH-1 


p30073-0qi7 _ 


August  17,  1995  _ 


|S.  Benway _ _ 


1  of  2 


Electrical 


ase  Labor  Rate: 


ity  Multiplier  (Labor): 


'ffective  Labor  Rate: 


^ity  Multiplier  (Material): 


MATERUL 


emolition 


hielded,  5kv,  #4,  cu.  wir 


rounding 


1  1/2"  emt  Conduit 


1  1/2"  emt  Connector 


1  1/2"  Conduit  Hanger 


1  1/2"  Flex  Conduit 


1  1/2"  Flex  Connector 


kv  Fuse 


$0,31 


$1.00 


$240.00 


$40.00 


TOTAL 


$0.00 


$0.00 


$183.90 


$732.96 


$203.60 


$58.23 


$3.73 


$5.09 


$1.58 


$2.04 


$732.96 


$40.72 


1/0  thwn  cu.  conductor 


I  1/4"  EMT  conduit 


150amp  fuse 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


1/0  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


150amp  fuse 


- 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


I50amp  switch  in  Panel 


$1.14 


$1.21 


$29.00 


L.F. 


L.F. 


EA 


EA 


EA  $1,360.51 


$1.07 


$6.38 


$918.38 


$12.98 


$934.91 


$0.00 


$0.00 


$173.40 


$20,36 


$1,385.00 


$5.45 


$12.98 


$934.91 


1  1/4"  EMT  conduit 


120amp  fuse 


$0.55 


$1.21 


$29.00 


$20.00 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


lOOamp  switch  in  Panel 


$49.27 


$88.57 


$20.36 


$5.45 


2.98 


$934.91 


$0.00 


RS/UNI  COST/UNIT 


$0.00 


86.64  I  $2,820.00 


$1.30 


$30.11 


$60.05 


$2.90 


$2.18 


$1.72 


$1.30 


$3.25 


$13.02 


$260.38 


TOTAL  HRS 


0.00 


86.64 


7.20 


11.10 


1.85 


3.56 


TOTAL  COST 


$0.00 


$2,820,00 


$234.34 


$361.27 


$60.05 


$115.87 


$13.08 


$6.90 


$6.51 


$6.51 


$39.06 


$260.38 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


$345.00 


$18.55 


$13.02 


$65.09 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$345.00 


$18.55 


$65.09 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$2,820.00 


$418.24 


$1,094.23 


$263.65 


$174.10 


$16.81 


$11.99 


$8.09 


$8.55 


$301.10 


$0.00 


$0.00 


$271.04 


$153.42 


$150.55 


$1,730.00 


$24.00 


$26.00 


$1,000.00 


$271.04 


$1,730.00 


$24.00 


$26.00 


$1,000.00 


$0.00 


$0.00 


$181.47 


$153.42 


$108.09 


$150.55 


$1,726,00 


$65.09 

2.00 

$65.09 

$1,000.00 

$0.00 

0.00 

$0.00 

$0.00 

rojcct  Number: 


ate: 


"t.  Leonardwood  Chiller  Study 


1930073-0017 _ 


L\ugust  17,  1995  _ 


S.  Benway 


of  2 


ilectrical 


ase  Labor  Rate: 


$28.50 


City  Multiplier  (Labor): 

114% 

Effective  Labor  Rate: 

$32.55 

MATERIAL 


Subtotals:  |S1 1,486.4^ 


Sales  Tax:  6%  $0.00 


COST/UNIT 

TOTAL  HRS  I 

$0.00 

3.00 

3.20 

$6.51 

0.60 

$130.19 

4.00 

$228.00 

7.01 

$3.71 

0.57 

$6.51 

0.40 

$65.09 

2.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0,00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

TOTAL  COST 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


$228.00 


$18.55 


$13.02 


$65.09 


$0.00 


MATERIAL/ 

LABOR 


TOTAL 


0 


$181.47 


$153.42 


$50.53 


$150.55 


$1,096.00 


$23.90 


$25.74 


$600.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


214^45  1  $6,979.65  1  $18,466.10 


Overhead: 

Profit: 


10% 

$1,846.61 

10% 

$2,031.27 

Subtotal: 


$22,343.98 


Bond: 

Contingency: 


0% 

HEQIQEIH 

10% 

$2,234.40  1 

Grand  Total: 


IgFuTBtBmTlflaSsBBnW^^ 


:0E  FLW  THERMAL  STORAGE 


30073-0017  ALTERNATIVE  IH-2 


pril05,  1995  _ 


:LISSA  RUSSO 


AGE  1 


:CHANICAL-HVAC 


ase  Labor  Rate: 


"ity  Multiplier: 

0% 

effective  Labor  Rate: 

$50.00 

[IJCKIMJ 


MATERIAL 


DESCRIPTION 


CE  HARVESTOR 


"LG  TWR  (1150  TONS) 


OISTING 


lEHairoag 


[WHiriUi^lnl 


TOTAL 


$1,250.00  $1,106,250.00 


$21,000.00 


RS/UNI 


3.5 

20. 


OST/UNI  TOTAL  HRS 


3097.50 


1"  STRAINER 


RIFLE  DUTY  VALVE 


UCTION  DIFFUSER 


EA 

$845.00 

EA 

$113,00 

EA 

$35.00 

EA 

$13.75 

EA 

$1,338.00 

EA 

$1,205.00 

Subtotals: 


$35.00 


$13.75 


$1,338.00 


$1,205.00 


|$1,210,592.35‘^ 


$0.00 


$200.00 


$21.05 


$33.35 


$23.55 


$400.00 


$300.00 


TOTAL  COST 


$154,875.00 


$6,000.00 


$0.00 


$0.00 


$6,000.00 


$0.00 


$0.00 


$900.00 


$0.00 


$1,599.00 


$25.00 


$25.00 


$16.65 


$168.40 


$105.25 


$400.00 


$400.00 


$0.00 


$25,260.00 


$590.00 


$270.00 


$3,200.00 


$400.00 


$175.00 


$0.00 


$200.00 


$21.05 


$33.35 


$23,55 


$400.00 


$300.00 


MATERIAL/ 

LABOR 


TOTAL 


$1,261,125.00 


$27,000.00 


$8,000.00 


$97,825.00 


$57,974.00 


$0,00 


$0.00 

$4,703.00 

$0.00 


$91.00 


$58.00 


$95.65 


$166.25 


$864.00 


$2,000.00 


$42,260.00 


$374.00 


$4,092.00 


$480.00 


$189.00 


$0.00 


$134.05 


$68.35 


$37.30 


$1,738.00 


$1,505.00 


4027.75  1  $201,387.25  I  $1,519,804.60 


Sales  Tax: 


Overhead: 

Profit: 


10% 

$151,980.46 

10% 

$167,178.51 

Subtotal: 


I  $1,838,963.57 


Bond: 

Contingen 


$0.00 

15% 

$275,844.53 

I  $2,1 14,808.10 


Grand  Total: 


[iltMIJill 


•reject  Name: 

COE  FLW  THERMAL  STORAGE 

•reject  Number: 

930073-0017  ALTERNATIVE  IH-2 

LISSA  RUSSO 


AGE  2 


-CHANICAL-HVAC 


ase  Labor  Rate: 


Effective  Labor  Rate; 


$50.00 


MATERIAL 


;ONDENSER  WTR  SYS 


IMPS  2760  GPM 


RISWOLD  SEPARATOR 


10"  BUTTERFLY  VALVE 


RESSURE  GAGES 


ALANCING  VALVES 


UTO  PURGE  VALVE 


r’BALL  VALVES 


LEXIBLE  CONNECTOR 


1-1/2"  STRAINERS 


HERMOMETERS 


AGE  COCKS 


10"  PIPING 


"  PIPING 


"  VENT  PIPING 


1"  DRAIN  PIPING 


M/2"  BALL  VALVES 


"HEM  FEED  PUMP/TAN 


OLENOID  VALVE 


"  BUTTERFLY  VALVES 


RIPLE  DUTY  VALVE 


UCTION  DIFFUSER 


$2,693.00 


$5,850.00 


$425.00 


$56.00 


$1,050.00 


$12.20 


$47.00 


$33.00 


$12.20 


$73.00 


$6.60 


2 


8 


$18.05 


$0.00 


$2,693.00 


$5,850.00 


$2,550.00 


$49.50 


$56.00 


$1,050.00 


$73.20 


$1,020.00 


$94.00 


$66.00 


$85.40 


|$29, 200.00 


$330.00 


$41.20 


COST/UNIT 


$0.00 


$0.00 


$1,200.00 


MATERIAL/ 

LABOR 


TOTAL  HRS  I  TOTAL  COST  |  TOTAL 


Subtotals: 


[$46,568.15  1 


Sales  Tax: 


$0.00 


$0.00 


$1,200.00 


$400.00 


$1,800.00 


$37.50 


$126.30 


$675.00 


$57.10 


$25.00 


$147.35 


$30,000.00 


$131.00 


$113.25 


0 


$0.00 


$3,893.00 


$6,250.00 


$4,350.00 


$87.00 


$78.20 


$199.50 


$1,695.00 


$151.10 


$91.00 


$232.75 


$59,200.00 


$1,260.00 


$172,20 


$92.25 

$146.40 

$0.00 

$2,000.00 

$37.50 

$447.50 

$200.00 

$570.00 

$0.00 

$0.00 

$300.00 

$1,638.00 

$250.00 

$1,455.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00  1 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

73L62  I  $36,580.80  |  $85,148.95 


10%  1  $8,514.90 


10%  $8,514.90 


Overhead: 

Profit: 

Subtotal: 


Bond:  $0.00 

Contingency:  15%  $15,326.81 


Grand  Total: 


$117,505.55 


ItCUlliJlIJll 


COE  FLW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  IH-2 

Date: 

April  05, 1995 

MELISSA  RUSSO 

PAGE  3 

MECHANICAL-HVAC 

ESTIMATE  OF  CONSTRUCTION  COS: 


ITEM 

MATERIAL 

n 

DESCRIPTION 

BSWII 

UNIT 

COST/UNIT 

TOTAL 

$0.00 

TANK  PUMPING  SYSTEM 

$0.00 

VERT  TURBINE  PUMPS 

mmsm\ 

4250  GPM 

1 

EA 

12"  BUTTERFLY  VALVES 

6 

EA 

$3,570.00 

Bi 

EA 

$33.00 

$66.00 

PRESSURE  GAGES 

B 

EA 

$16.50 

1 

RELIEF  VALVES 

1 

$79.00 

1 

1"  BALL  VALVES 

8 

■aRlI 

$12.20 

GAGE  COCKS 

5 

EA 

$12.20 

$61.00 

FLEXIBLE  CONNECTORS 

B 

EA 

$340.00 

$340.00 

FLEXIBLE  CONNECTOR 

1 

EA 

$52.00 

$52.00 

2- WAY  CONTROL  VALVE 

1 

EA 

$365.00 

$365.00 

$0.00 

12"  PIPING 

BBIil 

LF 

$94.00 

$18,800.00 

10"  PIPING 

Hiia 

LF 

$73.00 

$14,600.00 

$0.00 

12"  INSULATION 

LF 

$592.00 

10"  INSULATION 

LF 

$2.60 

$0.00 

$0.00 

$0.00 

PROJ  MAN/MISC  COSTS 

1 

LS 

$0.00 

$0.00 

SIESMIC 

1 

LS 

$0.00 

CONTROLS 

1 

LS 

$0.00 

$0.00 

BALANCING 

1 

LS 

1  $0.00 

Subtotals: 


|$53, 010.60 


Sales  Tax: 


$0.00 


Base  Labor  Rate: 

City  Multiplier: 
Effective  Labor  Rate: 


0% 

$50.00 


HRSAJNIT 


COST/UNIT 


$0.00 


$0.00 


$0.00 


$3,000.00 


$400.00 


$12.50 


$2 


$21.05 


$225.00 


$25.00 


$37.50 


$0.00 


TOTAL  HRS  TOTAL  COST 


$75.00 


$0.00 


2.11 


4.50 


0.50 


0.75 


0.00 


342.80 


300.00 


0.00 


40.00 


35.60 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


MATERUL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$0.00 


$3,000.00 


$2,400.00 


$25.00 


$25.00 


$16.50 


$168.40 


$105.25 


$225.00 


$25.00 


$37.50 


$0.00 


$17,140.00 


$15,000.00 


$0.00 


$2,000.00 


$1,780.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$16,835.00 


$5,970.00 


$91.00 


m 


$565.00 


$77.00 


2.50 


$35,940.00 


$29,600,00 


$0.00 


$2,592.00 


$2,300.00 


$0.00 


$0.00 


$0.00 


$39,900.00 


$0.00 


$10,000.00 


$0.00 


IMECTHIMWII 

wimii 


$4,000.00 


$0.00 


$0.00 


838.95  I  $41,947.65  [$294,858.25 


Profit: 


Subtotal: 


10% 

$29,485.83 

10% 

$29,485.83 

I  $353,829.90 


Bond: 

Contingency: 


$0.00 

15% 

$53,074.49 

I  $406,904.39 


Grand  Total: 


til  ii  tKiiJ  IP  toiiMimwitaii  ijp  lu 


ate: 


repared  By: 


heet: 


-t.  Leonardwood  Chiller  Study  -  Alt.  IH-2 

3 

ase  Labor  Rate:  I 

r  $28.50 

30073-0017 


ugust  17,  1995 


S.  Ben  way 


1  of  2 


Electrical 


ity  Multiplier  (Labor): 


Effective  Labor  Rate: 


Jity  Multiplier  (Material): 


MATERIAL 


rounding 


1/2”  Rigid  Connector 


n/a 


$2.75 


$98.23 


n/a 


$5.60 


$1,200.00 


$0.00 


$228.00 


$48.00 


1/2”  Flex  Conduit 


1/2”  Flex  Connector 


kv  Fuse 


pa 

m 

jl^iaisgs _ 


hilled  Water  Pump-40hp 


1/0  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


150amp  fuse 


IISSBiSPS!!0£SQl&!Si!ll 

Imi^ 


1  1/4”  Flex  Conduit 


I  1/4”  Flex  Connector 


150amp  switch  in  Panel 


$2.16 


$23.58 


$294.70 


$22.60 


n/a 


$1.14 


$1.21 


$29.00 


$20.00 


EA  1$  1,360.51 


L.F.  $1.07 


EA  $6.38 


EA  $918.38 


ftl  thwn  cu.  conductor 

11^1 

L.F. 

$0.55 

1  1/4"  EMT  conduit 

1131 

L.F. 

$1.21 

120amp  fuse 

IBI 

EA 

$29.00 

EA 

$20.00 

iiiiiiiiiiiiii  HUM 

1 

EA 

$1,356.58 

1  1/4"  Flex  Conduit 

5 

L.F. 

$1.07 

1  1/4"  Flex  Connector 

IBI 

EA 

$6,38 

lOOamp  switch  in  Panel 

IBI 

EA 

$918,38 

$48.00 


$900.00 


$46.00 


$0.00 


$0.00 


$0.00 


$173.40 


$49.27 


$88.57 


$20.36 


$1,385.00 


$5.45 


$12.98 


$934.91 


$0.00 


$0.00 


$83.83 


2  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


120anip  fuse 


$0.55 


$1,21 


$29.00 


$20,00 


$88.57 


$20.36 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


lOOamp  switch  in  Panel 


$1.07 


$6.38 


$918.38 


$5.45 


$12.98 


$934.91 


RS/UNI 

COST/UNIT 

$0.00 

86.64 

$2,820.00 

0.04 

$1.43 

1.23 

$40.00 

6.15 

$200.00 

0.18 

$5.70 

1.23 

$40.00 

0.61 

$20.00 

0.23 

$7.60 

0.35 

$11.50 

4.82 

$157.00 

0.88 

$28.50 

7.99 

$260.00 

$88.57 


$20.36 


$1,381.00 


$5.45 


2.98 


EA  |$1,356.58  I  $1,381.00 


$6.51 


$130.19 


$345.00 


$6.51 


$65.09 


$0.00 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$345.00 


$3.71 


$6.51 


$65.09 


$0.00 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$3.71 


$6.51 


$65.09 


TOTAL  HRS  I  TOTAL  COST 


$0.00 


$2,820.00 


$257.00 


$480.00 


$200.00 


$228.00 


$240.00 


$23.00 


$471.00 


$57.00 


$260.00 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


$345.00 


$18.55 


$13.02 


$65.09 


$0.00 


$0.00 


$97.64 


$104.15 


9.53 


$130.19 


$345.00 


$18.55 


$13.02 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$130,19 


$345.00 


$18.55 


MATERUL/ 

LABOR 


TOTAL 


$0.00 


$2,820.00 


$761.00 


$1,680.01 


$200.00 


$456.00 


$288.00 


$120.00 


$49.00 


$71.00 


$1,371.00 


$103.00 


$260.00 


$0.00 


$0.00 


$271.04 


$153.42 


$108.09 


$150.55 


$1,730.00 


$24.00 


$26.00 


$1,000.00 


$0.00 


$0.00 


$181,47 


$153.42 


$108.09 


$150.55 


$1,726.00 


$24.00 


$26.00 


$1,000.00 


$0.00 


$0,00 


$181.47 


$153.42 


$108.09 


$150.55 


$1,726.00 


$24.00 


$26.00 


$1,000.00 


Yoject  Name:  |Ft.  Leonardwood  Chiller  Study 


roject  Number:  (930073-0017 _ 


ate:  ^UgUSt  17,  1995  _ ^ 


‘repared  By:  S.  Benway _ 


of  2 _ 

electrical 


ase  Labor  Rate: 


"ity  Multiplier  (Labor): 


'fTective  Labor  Rate: 


rity  Multiplier  (Material): 


$28.50 


114% 


$32.55 


urge  Tank  Pump-50hp 


1  thwn  cu.  conductor 


1  1/2”  EMT  conduit 


175amp  fuse 


Connection  to  Equipment 


1  1/2”  Flex  Conduit 


1  1/2"  Flex  Connector 


OOamp  switch  in  Panel 


ew  lOOOkva  Transforme 


L.F. 


L.F, 


EA 


EA  $160,50 


EA  $1,400.00 


$1.80 


$9.50 


EA  1$  1,000.00 


EA  $15,000.0 


EA  $3,000.00 


$163.39 


$1,425.20 


$9.16 


$19.34 


$1,018.00 


$15,270.00 


$3,054.00 


$5.86 


$19.53 


$390.56 


$358.02 


$17.58 


$13.67 


$260.38 


$1,765.67 


$325.47 


Subtotals:  |$3 5,403.45  | 


Sales  Tax:  I  0%  I  $0.00 


$65.09 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


$228.00 


$18.55 


$13.02 


$65.09 


$0.00 


$0.00 


.99 


$234.34 


$58.58 


$390.56 


$358.02 


$87.88 


$27.34 


$260.38 


$1,765.67 


$325.47 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$181.47 


$153.42 


$50.53 


$150.55 


$1,096.00 


$600.00 


$0.00 


$0.00 


$181.47 


$153.42 


$50.53 


$150.55 


$1,096.00 


$23.90 


$25.74 


$600.00 


$0.00 


$0.00 


$806.31 


$311.71 


$122.72 


$553.95 


$1,783.22 


$97.04 


$46.68 


$17,035.67 


$3,379.47 


10% 

$4,835.95 

10% 

$5,319.55 

398.07  I  $12,956.08  1  $48,359.53 


Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingency: 


$58,515.04 


0% 

$0.00 

10% 

$5,851.50 

Grand  Total: 


I illMHiiTTl  IjI 


reject  Name: 


reject  Number: 


ate: 


pOE  FLW  THERMAL  STORAGE 


|93Q073>00 17  ALTERNATIVE  IH-3 


April  05,  1995 _ 


ELISSA  RUSSO 


AGE  1 


sCHANICAL-HVAC 


ase  Labor  Rate: 


;^ity  Multiplier: 

0% 

LfTective  Laber  Rate: 

$50.00 

MATERIAL 


IBSW _ 


DESCRIPTION 


CE  HARVESTOR 


XG  TWR-625  TONS 


OISTING 


K 


LATE  HEAT  EXCHNGR 


.HILLED  WTR  SYSTEM 


PUMPS  1440  GPM 


"  BUTTERFLY  VALVES 


HERMOMETERS 


RESSURE  GAGES 


1"  BALL  VALVES 


AGE  COCKS 


”  AIR  SEPARATOR 


CHEMICAL  POT  FEEDER 


"  PIPING 


"  PIPING 


/r  PIPING 


"  INSULATION 


”  INSULATION 


/r  INSULATION 


UNIT  COST/UNIT 


$1,250.00 


$22,500.00 


tBa 

0^ 


1"  STRAINER 


PLE  DUTY  VALVE 


UCTION  DIFFUSER 


TOTAL 


606,250.00 


$22,500.00 


$0.00 


$0.00 


$14,127.00 


$0.00 


$0.00 


$3,803.00 


$0.00 


$2,070,00 


HRS/UNIT  COST/UNIT  TOTAL  HRS  TOTAL  COST 


3.50  I  $175.00  I  1697.50  |  $84,875.00 


110.00  $5,500.00 


$0.00 


$0.00 


$4,000.00 


$0.00 


$0.00 


$900.00 


$0.00 


110.00 


0.00 


0.00 


80.00 


0,00 


0.00 


18.00 


0.00 


31.98 


$5,500.00 


$0.00 


$0.00 


$4,000.00 


$0.00 


$0.00 


$900.00 


$0.00 


$1,599.00 


$845.00 


$113.00 


$35.00 


$13.75 


$1,338.00 


$2,525.00 


$464.00 


$0.00 


$17,000.00 


$530.00 


$104.00 


$892.00 


$80.00 


$14.00 


$113.00 


$35.00 


$13.75 


$1,338.00 


$200.00 


$0.00 


$63.15 


$5.90 


$5.40 


$8.00 


2.11 


8.00 


8.00 


0.00 


505.20 


11.80 


5.40 


$16.65 


$168.40 


$105.25 


$400.00 


$400.00 


$0.00 


$25,260.00 


$590.00 


$3,200.00 


MATERUL/ 

LABOR 


TOTAL 


$691,125.00 


$28,000.00 


$8,000.00 


$54,275.00 


$18,127.00 


$0.00 


$0.00 


$4,703.00 


$0.00 


$3,669.00 


$95.65 


$266.00 


$166.25 


$2,925.00 


$864.00 


$2,000.00 


$42,260.00 


$1,120.00 


$374.00 


$4,092.00 


$0.00 


$200.00 


$21.05 


$33.35 


$23.55 


$300.00 


$200.00 


$175.00 


$0.00 


$200.00 


$33.35 


$23.55 


$300.00 


$200.00 


$1,045.00 


$134.05 


$68.35 


$37.30 


$1,638.00 


$1,253.00 


Subtotals: 


|$674,093.35  I 


Sales  Tax: 


2573.75  I  $128,687.25  |  $867,055.60 


Overhead: 

Profit: 

Subtotal: 


10% 

$86,705.56 

10% 

$95,376.12 

l$l,049, 137.28  I 


Bond: 

Contingen 


$0.00 

15% 

$157,370.59 

Grand  Total: 


1$  1,206, 507.871 


Project  Name: 

COE  FEW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  IH-3 

Date: 

April  05,  1995 

MELISSA  RUSSO 

PAGE  2 

MECHANICAL-HVAC 

F.STIMATE  OF  CONSTRUCTION  COST 


ITEM 

MATERUL 

OI 

DESCRIPTION 

QTY. 

UNIT 

COST/UNIT 

TOTAL 

HRS/UNIT 

^1' 

$0.00 

n 

CONDENSER  WTR  SYS 

$0.00 

PUMPS  1500  GPM 

1 

EA 

$2,693.00 

$2,693.00 

18.00 

GRISWOLD  SEPARATOR 

1 

EA 

$4,750.00 

$4,750.00 

8.00 

8"  BUTTERFLY  VALVES 

6 

EA 

$345.00 

$2,070.00 

5.33 

PRESSURE  GAGES 

3 

EA 

$16.50 

$49.50 

0.25 

BALANCING  VALVES 

1 

EA 

$56.00 

AUTO  PURGE  VALVE 

1 

EA 

lygiQjgiISJI 

$1,050.00 

0.73 

l-BALL  VALVES 

6 

EA 

$12.20 

$73.20 

0.42 

FLEXIBLE  CONNECTOR 

3 

EA 

$340.00 

$1,020.00 

4.50 

1-1/2"  STRAINERS 

2 

EA 

BiiisIsH 

0.57 

THERMOMETERS 

2 

EA 

HSEEHI 

0.25 

GAGE  COCKS 

7 

EA 

$12.20 

$85.40 

0.42 

8"  PIPING 

400 

LF 

$42.50 

$17,000.00 

3"  PIPING 

50 

LF 

$6.60 

$330.00 

hibh 

2"  VENT  PIPING 

10 

LF 

$4.12 

$41.20 

0.26 

1"  DRAIN  PIPING 

15 

LF 

$2.18 

1-1/2"  BALL  VALVES 

3 

EA 

$18.05 

$54.15 

CHEM  FEED  PUMP/TANK 

1 

LS 

$0.00 

SOLENOID  VALVE 

1 

EA 

$410.00 

$410.00 

3"  BUTTERFLY  VALVES 

2 

EA 

$185,00 

$370.00 

$0.00 

TRIPLE  DUTY  VALVE 

1 

■5CT 

$1,338.00 

$1,338.00 

6.00 

SUCTION  DIFFUSER 

1 

EA 

$1,205.00 

$1,205.00 

5.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0,00 

|$32,788.15 


Subtotals: 


ase  Labor  Rate: 


"ity  Multiplier: 

0% 

effective  Labor  Rate: 

$50.00 

COST/UNIT 


$0.00 


$0.00 


$900,00 


$400.00 


$266.50 


$12.50 


$21.05 


$225.00 


$21.05 


$63.15 


$18.60 


$13.10 


$7.55 


$30.75 


$0.00 


$37.50 


$100.00 


$0.00 


$300.00 


$250.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


TOTAL  HRS 


0.00 


0.00 


18.00 


8.00 


31.98 


0.75 


2.53 


13.50 


1.14 


0.50 


2.95 


505.20 


18.60 


2.62 


2.27 


1,85 


0.00 


0.75 


4.00 


0.00 


6.00 


5.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


TOTAL  COST 


$0.00 


$0.00 


$900.00 


$400.00 


$1,599.00 


$37.50 


$126.30 


$675.00 


$25.00 


$147.35 


$25,260,00 


$930.00 


$131.00 


$113.25 


$0.00 


$37.50 


$0.00 


$300.00 


$250.00 


$0.00 


$0.00 


$0.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$3,593.00 


$5,150,00 


$3,669.00 


$87.00 


$78.20 


$1,086.35 


$199.50 


$1,695.00 


$151.10 


$91.00 


$232.75 


$42,260.00 


$1,260.00 


$172.20 


$145.95 


$146.40 


$2,000.00 


$447.50 


$570.00 


$0.00 


$1,638.00 


$1,455.00 


$0.00 


$0.00 


$0.00 


$0,00 


$0.00 


$0.00 


$0.00 


m 


niriHiiifvl 


>^^ign  (ir.Qup 


COE  FLW  THERMAL  STORAGE 

930073-0017  ALTERNATIVE  IH-3 

April  05,  1995 

MELISSA  RUSSO 

[sheet: 

PAGE  3 

MECHANICAL-HVAC 

ESTIMATE  OF  CONSTRUCTION  COS: 


ITEM 

MATERIAL 

Ell 

DESCRIPTION 

fiBBI 

UNIT 

COST/UNIT 

TOTAL  1 

1 

1 

TANK  PUMPING  SYSTEM 

VERT  TURBINE  PUMPS 

$0.00 

Di! 

EA 

$0.00 

10"  BUTTERFLY  VALVES 

EA 

$2,550.00 

1 

THERMOMETERS 

Bi 

EA 

$33.00 

$66.00 

1 

PRESSURE  GAGES 

2 

EA 

$16.50 

1 

RELIEF  VALVES 

1 

EA 

$79.00 

1 

1"  BALL  VALVES 

m 

EA 

$12.20 

$97.60 

GAGE  COCKS 

B 

$12.20 

$61.00 

$340.00 

$340.00 

FLEXIBLE  CONNECTOR 

B 

EA 

$52.00 

2-WAY  CONTROL  VALVE 

1 

$365.00 

$365.00 

$0.00 

$0.00 

10"  PIPING 

naai 

LF 

$73.00 

$10,950.00 

10"  INSULATION 

naa 

LF 

$2.60 

$390.00 

$0.00 

$0.00 

PROJ  MAN/  MISC  COSTS 

1 

LS 

$0.00 

$0.00 

SIESMIC 

1 

LS 

$0.00 

CONTROLS 

1 

LS 

$0.00 

$0.00 

BALANCING 

1 

LS 

$0.00 

$0.00 

$0.00 

Subtotals: 


|$14, 983.60 


Sales  Tax: 


$0.00 


ase  Labor  Rate: 


!^ity  Multiplier: 

0% 

Effective  Labor  Rate: 

$50.00 

COST/UNIT 

TOTAL  HRS 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0,00 

$1,600.00 

32.00 

$300.00 

36.00 

$12.50 

0.50 

$12.50 

0.50 

$16.50 

0.33 

$21.05 

3.37 

$21.05 

2.11 

4.50 

$25.00 

0.50 

$37.50 

0.75 

$0.00 

0.00 

$0.00 

0.00 

$75.00 

225.00 

$0.00 

0.00 

$0.00 

0.00 

$8,90 

26.70 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 


$0.00 


$0.00 


$1,600.00 

$1,800.00 


$25.00 


$168.40 


$105.25 


$225.00 


$25.00 


$37.50 


$0.00 


$0.00 


$11,250.00 


$0.00 


$1,335.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


MATERUL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$0.00 


$1,600.00 


$4,350.00 


0 


$266.00 


$166.25 


$565.00 


$77.00 


$402.50 


$0.00 


$0.00 


$0.00 


$0.00 


$1,725.00 


$25,100.00 


$0.00 


$10,000.00 


$0.00 


$90,000.00 


$0.00 


$4,000.00 


$0.00 


$160,696.25 


Overhead: 

Profit: 

Subtotal: 


10% 

$16,069.63 

10% 

$16,069.63 

$192,835.50 


Bond: 

Contingency: 


$0.00 

15% 

$28,925.33 

$221,760.83 


Grand  Total: 


I  fCn  n  niFii  i  I  i  ■  \*-4 1  MLCuii  tj»  m 


reject  Number: 


ate: 


^t.  Leonardwood  Chiller  Study  -  Alt.  IH-3 


[930073-0017 _ 


ugust  17,  1995 


S.  Benway 


1  of  2 


electrical 


ase  Labor  Rate: 


Jity  Multiplier  (Labor): 


^fTective  Labor  Rate: 


Jity  Multiplier  (Material): 


MATERIAL 


DESCRIPTION 


hiller  Replacement 


emolition 


hielded,  5kv,  #4,  cu.  wir 


1  1/2"  emt  Conduit 


1  1/2"  emt  Connector 


1  1/2"  Conduit  Hanger 


1  1/2"  Flex  Conduit 


1  1/2"  Flex  Connector 


kv  Fuse 


-onnection  to  Equipment 


1/0  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


150amp  fuse 


■Connection  to  Equipment 


EA 

$60.00 

EA 

$200.00 

L.F. 

$1.43 

EA 

$0.61 

EA 

$1.25 

L.F. 

$0.31 

EA 

$1.00 

EA 

$240.00 

EA 

$40.00 

TOTAL 


$0.00 


$0.00 


$183.90 


$732.96 


$203.60 


$58.23 


$3.73 


$5.09 


$1.58 


I  mQi 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


L.F. 


L.F. 


EA 


EA 


EA  $1,360.51 


$40.72 


$0.00 


$0.00 


$173.40 


Q|  ESI 


1  1/4"  EMT  conduit 


150amp  fuse 


■C-onnection  to  Equipment 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


2  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


120amp  fuse 


Ea[ _ 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


lOOamp  switch  in  Panel 


$1.14 


$1.21 


$29.00 


EA  $20.00 


EA  $1,360.51 


L.F.  $1.07 


EA  $6.38 


EA  $918.38 


$0.55 


$1.21 


$29.00 


L.F. 


L.F. 


EA 


EA 


EA  $1,356.58 


$1.07 


$6.38 


$918.38 


MATERIAL/ 

LABOR 


RS/UNI 

COST/UNIT 

$0.00 

86.64 

$2,820.00 

0.04 

$1.30 

0.93 

$30.11 

1.85 

$60.05 

0.09 

$2.90 

0.07 

$2.18 

0.05 

$1.72 

0.04 

$1.30 

0.10 

$3.25 

0.40 

$13.02 

8.00 

$260.38 

$20.36 


$1,385.00 


$5.45 


$12.98 


$934.91 


$0.00 


$0.00 


$49.27 


$88.57 


.36 


$1,385.00 


$5.45 


$12.98 


$934.91 


$0.00 


$0.00 


$83.83 


$88.57 


$20.36 


$1,381.00 


$5.45 


$12.98 


$934.91 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$345.00 


$65.09 


$0.00 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$345.00 


$3.71 


$65.09 


$0.00 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$345.00 


$3.71 


$6.51 


$65.09 


$0.00 


TOTAL  HRS 


0.00 


86.64 


7.20 


11.10 


1.85 


3.56 


TOTAL  COST 

TOTAL 

$0.00 

$0.00 

$2,820.00 

$2,820.00 

$234.34 

$418.24 

$361,27 

$1,094.23 

$60.05 

$263.65 

$115.87 

$174.10 

$13.08 

$16.81 

$6.90 

$11.99 

$6.51 

$8.09 

$6.51 

$39.06 

$260.38 

$301.10 

$0.00 

$0.00 

$0.00 

$0.00 

$97.64 

$271.04 

$104.15 

$153.42 

$19.53 

bie&elh 

$130.19 

$345.00 

$1,730.00 

$65.09 

$1,000.00  1 

$0.00 

$0.00 

$97.64 

$271.04 

$104.15 

$153.42 

$19.53 

$108.09 

$150.55 

1  $345.00 

$1,730.00 

$13.02 

$65.09 

1  $1,000.00  1 

$0.00 

$0.00 

$97.64 

$181.47 

$104.15 

$153.42 

$19.53 

$108.09 

$130.19 

$150.55 

$345.00 

$1,726.00 

$18.55 

$24.00 

$13.02 

$26.00 

$65.09 

$1,000.00 

$0.00 

$0.00 

bVnnnmunplBSCu 


[QIJlJ 


Project  Name: 

Ft.  Leonardwood  Chiller  Study 

Project  Number: 

930073-0017 

Date: 

August  17,  1995 

Prepared  By: 

S.  Benway 

Sheet: 

2  of  2 

Department: 

Electrical 

ESTIMATE  OF  CONSTRUCTION  COST 


ITEM 

MATERIAL 

a 

DESCRIPTION 

tswi 

UNIT 

TOTAL 

RS/UNI 

Cond.  Water  Pump-20hp 

$0,00 

thwn  cu.  conductor 

rail 

L.F. 

$0.55 

$83.83 

0.02 

wn 

1  1/4”  EMT  conduit 

m 

L.F. 

$1.21 

$49.27 

0.08 

iS 

80amp  fuse 

3 

EA 

EBESBi 

0.20 

Connection  to  Equipment 

1 

EA 

ESSO 

4.00 

m 

Combo.  Starter/Disc. 

1 

EA 

$852.65 

$868.00 

7.01 

r4r 

1  1/4”  Flex  Conduit 

B 

L.F.. 

■aiirai 

$5.34 

0.11 

m 

1  1/4”  Flex  Connector 

a 

EA 

$12,73 

0.20 

lOOamp  switch  in  Panel 

B 

EA 

$525.45 

$534.91 

2.00 

$0.00 

! 

1  $0.00 

1  $0.00 

lysSisH 

Subtotals: 


1$  11,486.46 


Sales  Tax: 


0% 


$0.00 


3ase  Labor  Rate: 

$28.50 

[^ity  Multiplier  (Labor): 

114% 

Effective  Labor  Rate: 

$32.55 

City  Multiplier  (Material): 

102%  1 

LABOR 

MATERIAU 

LABOR 

COST/UNIT 

TOTAL  HRS 

TOTAL  COST 

TOTAL 

$0.00 

0.00 

$0.00 

$0.65 

$97.64 

$181.47 

$2.60 

3.20 

$104.15 

$153.42 

$6.51 

$19.53 

$50.53 

$130.19 

$130.19 

$150.55 

$228.00 

7,01 

$228.00 

$1,096.00 

$3.71 

0.57 

$23.90 

$6.51 

$65.09 

$65.09 

$600.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0,00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0,00 

$0.00 

0.00 

0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

0.00 

$0.00 

214.45 


$6,979.65 


$18,466,10 


Overhead: 

10% 

$1,846,61 

Profit: 

10% 

Subtotal: 

$22,343.98 

Bond: 

0% 

Contingency: 

10% 

$2,234.40 

Grand  Total: 


$24,578.38  | 


KyrliimKliuHI 


roject  Name: 
reject  Number: 


ate: 


.0£  FLW  THERMAL  STORAGE 
)30Q73-0Q17  ALTERNATIVE  IH-4 


pril  05,  1995  _ _ 


lELISSA  RUSSO 
AGE  1 


ECHANICAL-HVAC 


ase  Labor  Rate: 


;^ity  Multiplier: 


ffective  Labor  Rate: 


DESCRIPTION 


CE  HARVESTOR 


:LG  TWR-975  TONS 


OISTING 


K 


LATE  HEAT  EXCHNGR 


HILLED  WTR  SYSTEM 


PUMPS  1440  GPM 


"  BUTTERFLY  VALVES 


HERMOMETERS 


RESSURE  GAGES 


LIEF  VALVES 


1”  BALL  VALVES 


AGE  COCKS 


”  AIR  SEPARATOR 


LEXIBLE  CONNECTOR 


CHEMICAL  POT  FEEDER 


”  PIPING 


"  PIPING 


/r  PIPING 


”  INSULATION 


INSULATION 


/4"  INSULATION 


150  GAL  EXP  TANK 


TLL  VALVE  ASSEMBLY 


1”  STRAINER 


RIPLE  DUTY  VALVE 


^UCTION  DIFFUSER 


MATERIAL 


UNIT  COST/UNIT 


$1,250.00  6606,250.00  3.50 


EA  I  $18,500.00  $18,500.00  1110.00 


$0.00 


EA  I  I  $0.00 


EA  $23,523.00  $23,523.00  1 100.00 


$0.00 


$3,803.00 


EA  I  $345.00 


EA 


EA 


EA 


$3,803.00 


$0.00 


$2,070.00 


COST/UNIT 


$175.00 


$5,500.00 


$0.00 


$0.00 


$5,000.00 


$0.00 


$900.00 


$0.00 


$266.50 


$2,525.00 


$35.00 


$13.75 


$2,208.00 


$1,053.00 


Subtotals: 


$97.60 


$61.00 


$2,525.00 


$464.00 


$0.00 


$17,000.00 


$892.00 


$40.00 


$14.00 


$0.00 


$0.00 


$113.00 


$35.00 


$13.75 


$2,208.00 


[$679,474.35  | 


$21.05 


$21.05 


$400.00 


$200.00 


$0.00 


$63.15 


$5.90 


$5.40 


$8.00 


$4.00 


$3.50 


$0.00 


$200.00 


$21.05 


$33.35 


$23.55 


$400.00 


$300.00 


TOTAL  HRS 


1697.50 


110.00  . 


0.00 


0.00 


100.00 


0.00 


0.00 


18.00 


0.00 


31.98 


3.37 


2.11 


8.00 


8.00 


0.00 


505.20 


11.80 


5.40 


64.00 


4.00 


3.50 


0.00 


4.00 


2 


Sales  Tax: 


2593.75 


Overhead; 

Profit: 

Subtotal: 


MATERUL/ 

LABOR 

TOTAL  COST 

TOTAL 

$84,875.00 

$691,125.00 

$5,500.00 

$24,000.00 

$0.00 

$8,000.00 

$0.00 

$97,825.00 

$5,000.00 

$28,523.00 

$0.00 

$0.00 

$0.00 

$0.00 

$900.00 

$4,703.00 

$0.00 

$0.00 

$1,599.00 

$3,669.00 

$168.40 

$266.00 

$105.25 

$166.25 

$400.00 

$2,925.00 

$400.00 

$864.00 

$0.00 

$2,000.00 

$25,260.00 

$42,260.00 

$590.00 

$1,120.00 

$270.00 

$374.00 

$3,200.00 

$200.00 

$240.00 

$175.00 

$189.00 

$0.00 

$0.00 

$200.00 

$134.05 

$68.35 

$23.55 

$37.30 

$400.00 

$2,608.00 

$300.00 

$1,353.00 

$129,687.25 

$916,986.60 

10% 

$91,698.66 

10% 

$100,868.53 

|$1,109, 553.79 


Bond;  _ 

Contingency:  15% 


Grand  Total: 


COE  FLW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  IH-4 

Date: 

April  05,  1995 

Prepared  By: 

MELISSA  RUSSO 

Sheet: 

PAGE  2 

MECHANICAL-HVAC 

ESTIMATE  OF  CONSTRUCTION  COST 


ITEM 

MATERIAL 

oi 

DESCRIPTION 

QTY. 

UNIT 

COST/UNIT 

TOTAL 

$0.00 

n 

CONDENSER  WTR  SYS 

$0.00 

PUMPS  2340  GPM 

1 

EA 

$5,943.00 

$5,943.00 

GRISWOLD  SEPARATOR 

1 

EA 

$4,750.00 

$4,750.00 

10"  BUTTERFLY  VALVES 

6 

EA 

$425.00 

$2,550.00 

PRESSURE  GAGES 

3 

EA 

$16.50 

$49.50 

BALANCING  VALVES 

1 

EA 

$56.00 

$56.00 

AUTO  PURGE  VALVE 

1 

EA 

$1,050.00 

$1,050.00 

r’BALL  VALVES 

6 

EA 

$12.20 

$73.20 

FLEXIBLE  CONNECTOR 

3 

EA 

$340.00 

umm\ 

1-1/2"  STRAINERS 

2 

EA 

THERMOMETERS 

2 

EA 

■iikkiiliM 

GAGE  COCKS 

7 

HQI 

$12.20 

$85.40 

10"  PIPING 

400 

d 

$73.00 

$29,200.00 

3”  PIPING 

50 

d 

$6.60 

$330.00 

2"  VENT  PIPING 

10 

LF 

$4.12 

$41.20 

1"  DRAIN  PIPING 

15 

LF 

$2.18 

1-1/2"  BALL  VALVES 

3 

EA 

$18.05 

■ii-gjf 

CHEM  FEED  PUMP/TANK 

1 

LS 

$0.00 

SOLENOID  VALVE 

1 

EA 

$410.00 

$410.00 

3"  BUTTERFLY  VALVES 

2 

EA 

$185.00 

$370.00 

$0.00 

TRIPLE  DUTY  VALVE 

1 

EA 

$2,208.00 

$2,208.00 

SUCTION  DIFFUSER 

1 

EA 

$2,093.00 

$2,093.00 

$0.00 

$0.00 

$0.00 

! 

$0.00 

$0.00 

$0.00 

Subtotals: 


[$5p76.15 


Sales  Tax: 


$0.00 


ase  Labor  Rate: 


"ity  Multiplier: 

0% 

Effective  Labor  Rate: 

$50.00 

LABOR 

MATERIAL/ 

LABOR 

COST/UNIT 

TOTAL  HRS 

TOTAL  COST 

TOTAL 

$0.00 

0.00 

$0.00 

$0.00 

0.00 

$0.00 

mmm\ 

$1,200.00 

24.00 

$7,143.00  1 

$400.00 

8.00 

$400.00 

Ida 

$300.00 

36.00 

$1,800.00 

$4,350.00 

$12.50 

0.75 

$37.50 

$87.00 

0.44 

$78.20 

$1,086.35 

$21.05 

2.53 

$126.30 

$199.50 

$225.00 

13.50 

$675.00 

1.14 

$57.10 

$151.10 

■KiiaHM 

0.50 

$25.00 

$91.00 

$21.05 

2.95 

$147.35 

$232.75 

$75.00 

600.00 

$30,000.00 

$59,200.00 

$18.60 

18.60 

$930.00 

$1,260.00 

$13.10 

2.62 

$131.00 

$172.20 

$7.55 

2.27 

$113.25 

$145.95 

$30.75 

1.85 

$92.25 

$146.40 

$0.00 

0.00 

$0.00 

$2,000.00 

$37.50 

0.75 

$37.50 

$447.50 

$100.00 

4.00 

$200.00 

■iikitlilfl 

$0.00 

0.00 

$0.00 

$0.00 

$400.00 

8.00 

$400.00 

$2,608.00 

8.00 

$400.00 

$2,493.00 

bess&hi 

0.00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

$0.00 

0.00 

$0.00 

$0.00 

0.00 

$0.00 

736.62  I  $36,830.80  I  $89,306.95 


Overhead: 

Profit: 


10%  $8,930.70 


10%  $8,930.70 


Subtotal: 


$107,168.34 


Grand  Total: 


$123,243.59  | 


RIMS 


lAUiMJini 


reject  Name: 


:0H  FLW  THERMAL  STORAGE 


30073-0017  ALTERNATIVE  IH-4 


pril  05,  1995 


iLISSA  RUSSO 


AGE  3 

ECHANICAL-HVAC 


ase  Labor  Rate: 


"ity  Multiplier: 
effective  Labor  Rate: 


0% 

$50.00 


MATERIAL 


ANK  PUMPING  SYSTEM 


ERT  TURBINE  PUMPS 


600  GPM 


12"  BUTTERFLY  VALVES 


HERMOMETERS 


RESSURE  GAGES 


iLIEF  VALVES 


I"  BALL  VALVES 


AGE  COCKS 


LEXIBLE  CONNECTORS 


-WAY  CONTROL  VALVE 


12"  PIPING 


10"  PIPING 


12"  INSULATION 


10"  INSULATION 


$13,835.00 


$595.00 


$33.00 


$16.50 


$79.00 


200  I  LF 


200  LF 


200  LF 


200  LF 


$94.00 


$73.00 


TOTAL 


$0.00 


$0.00 


$0.00 


$13,835.00 


$3,570.00 


$66.00 


$33.00 


$79.00 


$97.60 


$61.00 


$340.00 


$52.00 


$365.00 


$0.00 


18,800.00 


$14,600.00 


$0.00 


$592.00 


$520.00 


$0.00 


$0,00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


HRS/UNIT 


COST/UNIT 

TOTAL  HRS 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$3,000.00 

60.00 

$400.00 

48.00 

$12.50 

0.50 

$12.50 

0.50 

$16.50 

0.33 

3.37 

$21.05 

2.11 

$225.00 

4.50 

$25.00 

0.50 

$37.50 

0.75 

$0.00 

0.00 

$85,70 

342,80 

$75.00 

300.00 

$0.00 

0.00 

$10.00 

40.00 

35.60 

IIHJilQQIIIIII 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

$0.00 

0.00 

0.00 

0.00 

1  $0,00 

0.00 

TOTAL  COST 


$0.00 


$0.00 


$0.00 


$3,000.00 


$2,400.00 


$25.00 


$105.25 


$225.00 


$25.00 


$37.50 


$0.00 


$17,140.00 


$15,000.00 


$0.00 


$2,000.00 


$1,780.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$0.00 


$16,835.00 


$5,970.00 


$91.00 


$58.00 


$95.50 


$266.00 


$166.25 


$565.00 


$77.00 


$0.00 


$35,940.00 


$29,600.00 


$0.00 


$2,592.00 


$2,300.00 


$0.00 


$0.00 


$0.00 


$29,000.00 


$0.00 


$10,000,00 


$0.00 


$96,000.00 


$0.00 


838^95  I  $41,947.65  1  $233,958.25 


Grand  Total: 


$322,862,39 


Subtotals:  1$14, 906.20] 


Sales  Tax:  0%  $0.00 


10% 

$2,545.91 

10% 

$2,800.50 

324.24  $10,552.91  $25,459.11 


Overhead: 
Profit:  [ 

Subtotal: 

Bond: 

Contingency: 


Grand  Total: 


kVulllMBTiilll 


reject  Number: 


ate; 


reparcd  By: 


heet: 


t.  Leonardwood  Chiller  Study  -  Alt.  IH-4 


1930073-0017 _ _ 


August  17,  1995 


|S.  Benway _ _ 


1  of  2  _ 


electrical 


Base  Labor  Rate: 

$28.50 

City  Multiplier  (Labor): 

114% 

Effective  Labor  Rate: 

$32.55 

Zity  Multiplier  (Material): 


[•KMM 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


able  Termination 


MATERIAL 


TOTAL 


$0,00 


$0.00 


$504.00 


$98.23  I  $1,200.00 


n/a 


n 

\l 

m 

|£ 


1/2"  Rigid  Conduit 


1/2"  Rigid  Connector 


1/2"  Flex  Conduit 


1/2"  Flex  Connector 


kv  Fuse 


"  Elbow 


1/0  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


150amp  fiise 


HQSSSSSdSSSSSI 

- 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  m  Panel 


1  thwn  cu.  conductor 


1  1/2"  EMT  conduit 


175amp  fuse 


$1.14 


$1.21 


I  $29.00 


$20.00 


|$1, 360.51 


$6.38 


$918.38 


$1,60 


$1.90 


$21.00 


$160.50 


1$  1,400.00 


$20.36 


$1,385.00 


$5.45 


$12.98 


$934.91 


$0.00 


$0.00 


$244.32 


$64.13 


$163.39 


$1,425.20 


1  1/2"  Flex  Conduit 


1  1/2"  Flex  Connector 


OOamp  switch  m  Panel 


2/0  thwn  cu.  conductor 


"  EMT  conduit 


OOamp  fuse 


COST/UNIT 


$0.00 


$2,820.00 


$1.43 


$40.00 


$200.00 


$5,70 


$40.00 


$20.00 


$7.60 


$11.50 


$157.00 


$28.50 


$260.00 


$0.00 


$0.00 


$6.51 


$130.19 


$345.00 


$3.71 


$6.51 


$65.09 


$0.00 


$0.00 


I  $9.50  $19.34 


|$1,000.00  I  $1,018.00 


$0.00 


$0.00 


$77.78 


$68.72 


$305.40 


|$1,943.67 1  $1,978.66 


"  Flex  Conduit 


"  Flex  Connector 


$1.80 


$12.30 


$9.16 


$25.04 


|$1,000.00  I  $1,018.00 


$19.53 


$390.56 


$358.02 


.58 


$13.67 


$260.38 


$0.00 


$0.98 


$3.25 


$7.23 


$650.94 


$520.75 


$6.51 


$11.33 


$260.38 


TOTAL  HRS 


0.00 


86.64 


7.90 


14.75 


6.15 


7.01 


7.37 

2.46 


1.17 


0.71 


14.47 


1.75 


7.99 


0.00 


0.00 


3. 


TOTAL  COST 


$0.00 


$2,820.00 


$257.00 


$480.00 


$200.00 


$228.00 


$240.00 


$23.00 


$471.00 


$57.00 


$260.00 


$19.53 


$345.00 


$18.55 


$13.02 


$65.09 


$0.00 


$0.00 


$561.99 


$58.58 


$390.56 


$358.02 


$87.88 


$27.34 


$146.46 


$130.19 


$21.68 


$650.94 


$520.75 


$32.55 


$260.38 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$2,820.00 


$761.00 


$1,680.01 


$200.00 


$456.00 


$288.00 


$120.00 


$49.00 


$71.00 

$1,371.00 


$260.00 


$0.00 


$0.00 


$271.04 


$153.42 


$108.09 


$150.55 


$24.00 


$26.00 


$1,000.00 


$0.00 


$806.31 


$311.71 


$122.72 


$553.95 


$1,783.22 


$97.04 


$46.68 


$1,278.38 


$0.00 


$0.00 


$325.12 


$90.39 


$956.34 


$2,499.41 


$41.71 


$1,278.38 


Project  Name:  F 

't.  Leonardwood  Chiller  Study 

Project  Number:  9 

30073-0017 

Date:  ^ 

\.ugust  17,  1995 

Prepared  By:  5 

>.  Benway 

Sheet:  2 

:  of  2 

Hectrical 

F,  OF  CONSTRUCTION  CO 

Base  Labor  Rate: 

$28.50 

City  Multiplier  (Labor): 

114% 

Effective  Labor  Rate: 

$32.55 

City  Multiplier  (Material): 

102%  1 

MATERUU 

LABOR 


TOTAL 


$0.00 


$188.63 


$191.78 


$50.53 


$163.71 


$1,726.00 


$23.35 


$26.01 


$1,000.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


Subtotals:  i$14,906.20 1 


324.24  I  $10,552.91 


Sales  Tax:  i  0%  |  $0.00 


Overhead: 

Profit: 


10% 

$2,545.91 

10% 

Subtotal: 


$30,805.52 


Bond: 

Contingency: 


0% 

$0.00 

10% 

$3,080.55 

Grand  Total: 


$33,886.07 


JOE  FLW  THERMAL  STORAGE 


roject  Number:  [930073-0017  ALTERNATIVE  IH-5 
995 


ELISSA  RUSSO 


AGE  1 


£CHANICAL-HVAC 


ase  Labor  Rate: 


"ity  Multiplier: 
^fTective  Labor  Rate: 


0% 

$50.00 


[IMtLtJ 


MATERIAL 


m 

■ 

■ 

11 

I 

1'^ 

■ 

■ 

I 

I 

\m 

■i 

1^ 

.T 

I 
IS 
■ 
■ 
IS 

II 
mi 

IS 

II 

Is 

II 

I 

I 


DESCRIPTION 


CE  HARVESTOR 


JLG  TWR-820  TONS 


OISTING 


UNIT  COST/UNIT 


$1,250.00 


JHILLED  WTR  SYSTEM 


PUMPS  1440  GPM 


"  BUTTERFLY  VALVES 


’HERMOMETERS 


RESSURE  GAGES 


^LIEF  VALVES 


1"  BALL  VALVES 


AGE  COCKS 


"  AIR  SEPARATOR 


-LEXIBLE  CONNECTOR 


HEMICAL  POT  FEEDER 


PIPING 


”  PIPING 


/r  PIPING 


"  INSULATION 


”  INSULATION 


/r  INSULATION 


TOTAL 


$606,250.00 


$14,500.00 


$0.00 


$0.00 


$18,500.00 


$3,803.00 


$0.00 


$2,070.00 


$66.00 


$33. 


$79. 


RS/UNI 1  COST/UNIT 


3.50 


110.00 


$175.00 


$5,500.00 


$0.00 


$0.00 


$5,000.00 


$2,525.00 


$464.00 


$0.00 


$22,400.00 


$530.00 


$892.00 


$80.00 


$14.00 


$0.00 


r  STRAINER 


RIPLE  DUTY  VALVE 


UCTION  DIFFUSER 


EA 

$845.00 

$845.00 

EA 

$113.00 

$113.00 

EA 

$35.00 

$35.00 

EA 

$13.75 

$13.75 

EA 

$2,208.00 

$2,208.00 

EA 

$1,053.00 

$1,053.00 

Subtotals: 


I  $676,736.35 


$266.50 


$12.50 


$12.50 


$16-65 


$400.00 


$200.00 


$0.00 


$63.15 


$5.90 


$5.40 


$8.00 


$4.00 


$3.50 


$0.00 


$200.00 


$2 


$23.55 


$400.00 


$300.00 


TOTAL  HRS 


1697.50 


110.00 


0.00 


0.00 


100.00 


0.00 


0.00 


18.00 


0.00 


31.98 


0.50 


0.50 


0.33 


3.37 


2.11 


8.00 


505.20 


11.80 


MATERIAL/ 

LABOR 

TOTAL  COST 

TOTAL 

$84,875.00 

$691,125.00 

$5,500.00 

$20,000.00 

$0.00 

$8,000.00 

$0.00 

$49,725.00 

$5,000.00 

$23,500.00 

$0.00 

$0.00 

IKH 

$900.00 

$4,703.00 

$0.00 

$0.00 

IKSSEEBSiSHI 

mgSRSIH 

1  $91.00  1 

$25.00 

$16.65 

$400.00 

$400.00 

1  $864.00  1 

$0.00 

$25,260.00 

1  $47,660.00  1 

$590.00 

lEmHi 

$270.00 

1  $374.00  1 

$3,200.00 

$400.00 

$480.00 

$175.00 

$189.00 

$0.00 

$0.00 

$200.00 

$1,045.00 

$23.55 

$37.30 

$400.00 

$2,608.00 

$300.00 

Sales  Tax: 


2597.75  I  $129,887.25  I  $866,348.60 


Overhead: 

Profit: 


10% 

$86,634.86 

10% 

$95,298.35 

Subtotal: 


1$1, 048,28 1.81 


Bond: 

Contingency: 


$0.00 

15% 

$157,242.27 

|$1, 205, 524.08 


Grand  Total: 


>>^11111  Fill  I 


I 


jiHTj 


Project  Name: 

COE  FLW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  IH-5 

Date: 

April  05,  1995 

Prepared  By: 

MELISSA  RUSSO 

Sheet: 

PAGE  2 

TE  OF  CONSTRUCTION  COST 

ase  Labor  Rate: 


:ONDENSER  WTR  SYS 


UMPS  1970  GPM 


RISWOLD  SEPARATOR 


10”  BUTTERFLY  VALVE: 


RESSURE  GAGES 


ALANCING  VALVES 


UTO  PURGE  VALVE 


T'BALL  VALVES 


‘LEXIBLE  CONNECTOR 


1-1/2”  STRAINERS 


HERMOMETERS 


AGE  COCKS 


10”  PIPING 


"  PIPING 


"  VENT  PIPING 


1"  DRAIN  PIPING 


1-1/2”  BALL  VALVES 


•:hem  feed  pump/tan 


OLENOID  VALVE 


”  BUTTERFLY  VALVES 


$1,050.00 


$12.20 


$340.00 


$5,773.00 


$4,750.00 


$2,550.00 


$49.50 


$56.00 


$1,050.00 


$73.20 


$1,020.00 


$85,40 


$225.00 


13.50 


2.95 


1.85 


$1,200.00 


$400.00 


$1,800.00 


$37.50 


$22.20 


$36.35 


$126.30 


$675.00 


$57.10 


$25.00 


7.35 


$30,000.00 


$930.00 


$131.00 


$113.25 


$92.25 


$0.00 


$37.50 


$200.00 


$0.00 


$400.00 


$300.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$6,973.00 


$4,350.00 

$87.00 


$78.20 


$1,086.35 


$199.50 


$1,695.00 


Grand  Total: 


$122,870.99  I 


[gjiiMin 


project  Name: 

COE  FLW  THERMAL  STORAGE 

930073-0017  ALTERNATIVE  IH-5 

loate: 

April  05,  1995 

MELISSA  RUSSO 

PAGE  3 

MECHANICAL-HVAC 

FSTIMATE  OF  CONSTRUCTION  COST 


ITEM 

MATERIAL 

a 

DESCRIPTION 

QTY. 

UNIT 

COST/UNIT 

TOTAL 

TANK  PUMPING  SYSTEM 

VERT  TURBINE  PUMPS 

$0.00 

3025  GPM 

$9,740.00 

$0.00 

12"  BUTTERFLY  VALVES 

6 

$595.00 

$3,570.00 

THERMOMETERS 

2 

EA 

$33.00 

$66.00 

PRESSURE  GAGES 

2 

EA 

$16.50 

$33.00 

pLIEF  VALVES 

1 

$79.00 

1"  BALL  VALVES 

8 

$12.20 

GAGE  COCKS 

5 

EA 

$12.20 

$61.00 

FLEXIBLE  CONNECTORS 

1 

EA 

$340.00 

$340.00 

1 

EA 

$52.00 

$52.00 

2- WAY  CONTROL  VALV 

1 

EA 

$365.00 

$365.00 

$0.00 

12"  PIPING 

200 

LF 

$94.00 

$18,800.00 

10"  PIPING 

200 

LF 

$73.00 

$14,600.00 

$0.00 

12"  INSULATION 

200 

LF 

$2.96 

$592.00 

10"  INSULATION 

200 

LF 

$2.60 

$520.00 

$0.00 

PROJ  MAN/  MISC  COSTS 

1 

SEISMIC 

1 

LS 

lEEQI 

1  $0.00 

CONTROLS 

1 

LS 

BilsIllsH 

BALANCING 

1 

LS 

1 

1  $0.00 

1  $0.00 

Subtotals: 


|$39, 17^60 


Sales  Tax: 


$0.00 


ase  Labor  Rate: 


"ity  Multiplier: 


Effective  Labor  Rate: 


HRS/UNIT  I  COST/UNIT 


$0.00 


$0.00 


$0.00 


$3,000.00 


$400.00 

$12.50 


$ 

$ 


$21.05 


$21.05 


$225.00 


$25.00 


$37.50 


$0.00 


$85.70 


$75.00 


$0.00 


$10.00 


$8.90 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


TOTAL  HRS 


0. 


0.00 


0.00 


0.00 


48.00 


0.50 


0.50 


0.33 


3.37 


2.11 


4.50 


0.50 


0.75 


0.00 


342.80 


300.00 


0.00 


40.00 


35.60 


Subtotal: 


TOTAL  COST 


$0.00 


$0.00 


$0.00 


$0.00 


$2,400.00 


$25.00 


$168.40 


$105.25 


$225.00 


$25.00 


$37.50 


$0.00 


$17,140.00 


$15,000.00 


$0.00 


$2,000.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$0.00 


$0.00 


$0.00 

0.00 

$0.00 

0.00 

778.95  I  $38,947.65 


Overhead: 

Profit: 


$91.00 


$58.00 _ 

0 


$266.00 


$166.25 


$565.00 


$77.00 


$402.50 


$0.00 


$35,940.00 


$0.00 


$2,592.00 


$2,300.00 


$0.00 


$0.00 


$29,500.00 


$0.00 


$10,000.00 


$0.00 


■isaamiKiMI 


$0.00 


$4,000.00 


$0.00 


Ifyuyffffiil 


10% 

$21,837.33 

10% 

$21,837.33 

$0.00 

15% 

$39,307.19 

Grand  Total: 


$301,355.09 


*t.  Leonardwood  Chiller  Study  -  Alt.  IH-5 


Project  Number: 

930073-0017 

?ate: 

August  17,  1995 

Prepared  By: 

S.  Ben  way 

_ 

Electrical 


ase  Labor  Rate: 


ity  Multiplier  (Labor): 


'ffective  Labor  Rate: 


Jity  Multiplier  (Material): 


$28.50 


1 14% 


$32.55 


MATERUL 


MATERIAL/ 

LABOR 


DESCRIPTION 

IQS3I 

UNIT 

mm\ 

TOTAL  1 

Chiller  Replacement 

iHii 

HHI 

BsEQIi 

Demolition 

m 

LOT 

n/a 

Shielded,  5kv,  #3/0,  cu.  w 

\m\ 

L.F. 

$2.75 

$504.00  1 

Cable  Termination 

iiai 

EA 

KibliMBMUiIiMil 

Grounding 

m 

LOT 

n/a 

$0.00 

2  1/2"  Rigid  Conduit 

iiai 

L.F. 

$5.60 

$228.00 

2  1/2"  Rigid  Connector 

$48.00 

$40.00 

2  1/2"  Flex  Conduit 

iBiai 

$2.16 

$11,00 

2  1/2"  Flex  Connector 

IBl 

EA 

$23.58 

5kv  Fuse 

m 

EA 

$294.70 

$900,00 

2"  Elbow 

IBl 

EA 

$22.60 

$46.00 

Connection  to  Equipment 

IBl 

LOT 

i  n/a 

1 - 

$0.00 

imgSBimniB 


1  1/4"  EMT  conduit 


150amp  fuse 


Connection  to  Equipment 


$1.21 


$29.00 


I0_ _ 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


1/0  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


ISOamp  fuse 


Connection  to  Equipment 


L.F. 


L.F. 


EA 


EA 


EA  $1,360.51 


$1.07 


$6.38 


$918.38 


IBl 

\m 

\m 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


^mm 

Hiliilldfllig— ■EBT 


OOamp  fuse 


'onnection  to  Equipment 


OOamp  switch  in  Panel 


L.F. 

$1.21 

EA 

$29.00 

EA 

$20.00 

EA 

$1,360.51 

L.F. 

$1.07 

EA 

$6.38 

EA 

$918.38 

L.F. 

$1.17 

L.F. 

$1.91 

EA 

$22.50 

EA 

$300.00 

EA 

$1,943.67 

nrai 

$1.80 

EA 

lii^ 

EA 

1$1, 000.00 

$1,278.38 


I  fCn  till  >  Kuij  v-41  mg  cnii  ffiT 


roject  Number: 


ate: 


repared  By: 


epartment: 


"t.  Leonardwood  Chiller  Study 


P30073-0017 


^ugust  17,  1995 _ 


S,  Benway _ _ _ 


of  2 


ilectricai 


ase  Labor  Rate: 


City  Multiplier  (Labor): 

114% 

effective  Labor  Rate: 

$32.55 

ity  Multiplier  (Material): 


LiMaiiia 


LIXBMJ 


MATERIAL 


DESCRIPTION 


3  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


Connection  to  Equipment 


Combo.  Starter/Disc. 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


lOOamp  switch  in  Panel 


QTY. 

UNIT  ( 

itBlI 

L.F. 

m\ 

L.F. 

Dll 

Dll 

■■ 

B 

B 

B 

EA 

EA 

EA 

EQII 

Bl 

EA 

TOTAL 


RS/UNI  COST/LNIT  TOTAL  HRS 


TOTAL  COST 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


$228.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$181.47 


$153.42 


$50.53 


$150.55 


$23.90 


$25.74 


$600.00 


$0.00 


$0.00 


$0.00 


$0.00 


Subtotals:  ^13,631.71 


Sales  Tax:  I  0%  $0.00 


282.73  I  $9,202.11  |  $22,833.82 


Overhead: 

Profit: 


10% 

$2,283.38 

10% 

$2,511.72 

Subtotal: 


$27,628.92 


Contingency:]  10% 


Grand  Total: 


ICE  TANK  SYSTEM 


COST  ESTIMATES 


gfO  U  U I  KHlfJUiMiM  J 


[iiiMiwni 


OE  FLW  THERMAL  STORAGE 


930073-0017  ALTERNATIVE  IT-1 


ugust02,  1995  _ 


RH 


AGE  1 


:CHANICAL-HVAC 


ase  Labor  Rate: 


Multiplier: 

0% 

sffective  Labor  Rate: 

$50.00 

■ 

ISi 

■ 

13 

I! 

I 

I 


DESCRIPTION 


CE  TANKS 


LG  TWR-890  TONS 


OISTING 


CE  MACHINE  400  TONS 


GHT  CHILLER  400  TO 


HILLED  WTR  SYSTEM 


UMP  1440  GPM 


I 
IS 
i: 
li 

II 
Ml 
IS 
II 
II 
IS 
II 
I 
I 


BUTTERFLY  VALVES 


RMOMETERS 


RESSURE  GAGES 


LIEF  VALVES 


1"  BALL  VALVES 


AGE  COCKS 


AIR  SEPARATOR 


.EXIBLE  CONNECTOR 


HEMICAL  POT  FEEDER 


”  PIPING 


PIPING 


/4”  PIPING 


INSULATION 


INSULATION _ 


/4’‘  INSULATION 


UCTION  DIFFUSER 


MATERIAL 


COST/UNIT 


$44.00 


$40.00 


TOTAL 


145,200.00 


$35,600.00 


HRS/UNIT  I  COST/UNIT  |  TOTAL  HRS  |  TOTAL  COST 


$345.00 

$2,070.00 

5.33  • 

$33.00 

$66.00 

0.25 

$16.50 

$33.00 

0.25 

$79.00 

m^bKsm 

0.33 

$12.20 

0.42 

$12.20 

$61.00  : 

0.42 

$2,525.00 

$2,525.00 

8.00 

$266.50 


$42.50 


$5.30 


$2.08 


$2.23 


$0.80 


$0.28 


$17,000.00 


$530.00 


$104.00 


$892.00 


$80,00 


$845.00 


$113.00 


$35.00 


$13.75 


$1,338.00 


$1,205.00 


Subtotals: 


$35.00 


$13.75 


$1,338.00 


$1,205.00 


S434.168.35 


TOTAL 


$145,200.00 


$41,162.50 


$8,000.00 


$192,000.00 


$114,000.00 


Sales  Tax: 


Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingenc 


$1,599.00 


$25.00 


$25.00 


$16.65 


$168.40 


$105.25 


$400.00 


$400.00 


$25,260.00 


$590.00 


$270.00 


$3,200.00 


$400.00 


$175.00 


$3,669.00 


$91.00 


$58.00 


$95.65 


$266,00 


$166.25 


$2,925.00 


$864.00 


$2,000.00 


$42,260.00 


$1,120.00 


$4,092.00 


$480.00 


$200.00 

$1,045.00 

$21.05 

$134.05 

$33.35 

$68.35 

$23.55 

$37.30  . 

$300.00 

$1,638.00 

$250.00 

$1,455.00 

I $123,924.75  |  $568,093.10 


10% 

$56,809.31 

10% 

$62,490.24 

$687,392.65 


$0.00 

15% 

$103,108.90 

$790,501.55 


Grand  Total: 


Project  Name: 

COE  FLW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  IT-1 

Date: 

August  02,  1995 

Prepared  By: 

GRH 

Sheet: 

PAGE  2 

TF.  OF  CONSTRUCTION  < 

:OST 

ase  Labor  Rate: 


City  Multiplier: 

0% 

Effective  Labor  Rate: 

$50.00 

MATERIAL 


DESCRIPTION 


:ONDENSER  WTR  SYS 


UMPS  2160  GPM 


RISWOLD  SEPARATOR 


10“  BUTTERFLY  VALVE 


RESSURE  GAGES 


ALANCING  VALVES 


UTO  PURGE  VALVE 


r’BALL  VALVES 


.EXIBLE  CONNECTOR 


1-1/2“  STRAINERS 


11^ 


AGE  COCKS 


10“  PIPING 


“  PIPING 


"  VENT  PIPING 


1"  DRAIN  PIPING 


1-1/2“  BALL  VALVES 


HEM  FEED  PUMP/TAN 


OLENOID  VALVE 


“  BUTTERFLY  VALVES 


UCTION  DIFFUSER 


MATERUL/ 

LABOR 


QTY.  I  UNIT  I  COST/UNIT  |  TOTAL  |HRSAJNIT|  COSTAJNIT  |  TOTAL  HRS  [TOTAL  COST!  TOTAL 


$5,943.00 


$4,750.00 


$425.00 


$16.50 


$56.00 


$1,050.00 


$12.20 


$340.00 


$12.20 


$73.00 


$6.60 


$4.12 


$2.18 


$5,943.00 


$4,750.00 


$2,550.00 


$49.50 


$56.00 


$1,050.00 


$73.20 


$1,020.00 


$94.00 


$85.40 


29,200.00 


$330.00 


$41.20 


$32.70 


$54.15 


18.00 

$1,200.00 

8.00 

$400.00 

6.00 

$300.00 

0.25 

$12.50 

0.44 

$22.20  : 

0.73 

$36.35 

0.42 

$21.05 

4.50  . 

$225.00 

0.57 

$28.55 

0.25 

$12.50 

0.42 

$21.05  vii 

1.50 

$75.00 

Subtotals: 


48,718.151 


1 

EA 

$1,338.00 

$1,338.00 

8.00 

$400.00 

1 

EA 

$1,205.00 

$1,205.00 

6.00 

$300.00 

$1,200.00 


$400.00 


$1,800.00 


=  $37.50 


$22.20 


$36.35 


$675.00 


$57.10  .  ^ 


$25.00 


$147.35 


$30,000.00 


$930.00 


$131.00 


$113.25 


$92.25 


;$37.50; 


$200.00 


$5,150.00 


$4,350.00 


;;$87.00 


$78.20 


$1,086.35 


$199.50 


$1,695.00 


$151.10 


$91.00  : 


$232.75;: 


$59,200.00 


$1,260.00  ; 


$172.20 


$145.95  : 


$2,000.00 


$447.50 


$570.00 


$400.00 

$1,738.00 

$300.00 

$1,505.00 

Sales  Tax: 


Overhead: 

Profit: 


$36,730.80  I  $87,448.95 


10%  $8,744.90 


10%  I  $8,744.90 


Subtotal: 


Grand  Total: 


$104,938.74 


$0.00 

15% 

$15,740.81 

I  n  mp.iTTjgfliM  tm.i 


930073-0017  ALTERNATIVE  IT-1 


RH 


AGE  3 


■CHANICAL-HVAC 


ase  Labor  Rate: 


Multiplier: 

0% 

LfTective  Labor  Rate:  ' 

$50.00 

MATERIAL 


MATERIAL/ 

LABOR 


DESCRIPTION 


ROJMAN/MISC  COSTS 


mSMIC 


.ONTROLS 


ALANCING 


UNIT  I  COSTAJNIT  I  TOTAL  I  HRS/UNIT  |  COST/UNIT  |  TOTAL  HRS  [TOTAL  COST  |  TOTAL 


LSI  I  $0.00  I  I  $0.00  I  0.00  I  $0.00  I  $39,900.00 


Subtotals: 
Sales  Tax:  I 


Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingency: 


$143,900.00 


10% 

$14,390.00 

10% 

$14,390.00 

1  $172,680.00 


$0.00 

15% 

$25,902.00 

Grand  Total: 


$198,582.00 


KVnliniBTMTll^ffiTrpi^^ 


t.  Leonardwood  Chiller  Study  -  Alt.  IT-1 


*rojcct  Number: 

930073-0017 

)ate: 

August  17,  1995 

Vepared  By: 

S.  Benway 

>heet: 

1  of  2 

ilectrical 


ase  Labor  Rate: 


ity  Multiplier  (Labor): 


Effective  Labor  Rate: 


rity  Multiplier  (Material): 


$28.50 


[fJCKlMJ 


MATERIAL 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


1/2"  Rigid  Conduit 


TOTAL 


$0.00 


$0.00 


$504.00 


$98.23  I  $1,200.00 


1/2"  Conduit  Hanger 


1/2"  Flex  Conduit 


1/2"  Flex  Connector 


kv  Fuse 


"  Elbow 


Jormection  to  Equipment 


■'.hiller  #2  Replacement 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


rounding 


1/2"  Rigid  Conduit 


1/2"  Rigid  Connector 


1/2"  Conduit  Hanger 


1/2"  Flex  Conduit 


1/2"  Flex  Connector 


kv  Fuse 


"  Elbow 


Connection  to  Equipment 


hilled  Water  Pump-40hp 


1/0  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


ISOampfuse  _ 


'Connection  to  Equipment 


m 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


$2.16 


$23.58 


$294.70 


$22.60 


n/a 


n/a 


$2.75 


$98.23 


n/a 


$9.82 


$2.16 


$23.58 


$294.70 


$22.60 


n/a 


$1.14 


$1.21 


$29.00 


$20.00 


$1,360.51 


$1.07 


$6.38 


$918.38 


MATERIAL/ 

LABOR 


$11.00 


$48.00 


$900.00 


$46.00 


$0.00 


$0.00 


$0.00 


$0.00 


$504.00 


$1,200.00 


$0.00 


$228.00 


$48.00 


$40.00 


$11.00 


$48.00 


$900.00 


$46.00 


$0.00 


$0.00 


$0.00 


$173.40 


$49.27 


$88.57 


$20.36 


$1,385.00 


$5.45 


$12.98 


$934.91 


$0.00 


COST/UNIT 


$0.00 


$2,820.00 


$1.43 


$40.00 


$200.00 


$5.70 


$40.00 


$20.00 


$7.60 


$11.50 


$157.00 


$260.00 


$2,820.00 


$1.43 


$40.00 


$200.00 


$5.70 


$40.00 


$20.00 


$7.60 


$11.50 


$157.00 


$28.50 


$260.00 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$345.00 


$3.71 


$6.51 


$65.09 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


TOTAL  HRS 


0.00 


86.64 


7.90 


14.75 


6.15 


7.01 


7.37 


2.46 


1.17 


0.71 


14.47 


1,75 


7.99 


0.00 


0.00 


86.64 


7.90 


14.75 


6.15 


7.01 


7.37 


2,46 


1.17 


0.71 


14.47 


1.75 


7.99 


0.00 


0.00 


3.00 


3.20 


0.60 


4.00 


10.60 


0.57 


0.40 


2,00 


0.00 


TOTAL  COST 

TOTAL 

$0.00 

$0.00 

$2,820.00 

$2,820.00 

$257.00 

$761.00 

$480.00 

$1,680.01 

$200.00 

$200.00 

$228.00 

$456.00 

$240.00 

$288.00 

$80.00 

$120.00 

$38.00 

$49.00 

$23.00 

$71.00 

$471.00 

$1,371.00 

$57.00 

$103.00 

$260.00 

mmmmt 

$0.00 

$0.00 

$0.00 

$0.00 

$2,820.00 

$257.00 

$761.00 

$480.00 

$1,680.01 

$200.00 

$200.00 

$228.00 

$456.00 

$240.00 

$288.00 

$80.00 

$120.00 

WEmm\ 

$471.00 

$1,371.00 

$57.00 

$103.00 

$260.00 

$260.00 

$0.00 

$0.00 

$0.00 

$0.00 

$97.64 

$271.04 

$104.15 

$153.42 

$19.53 

$108.09 

$130.19 

$150.55 

$345.00 

$1,730.00 

$18.55 

$24.00 

$13.02 

$26.00 

$65.09 

$1,000.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

reject  Number: 


ate: 


Leonardwood  Chiller  Study 


1930073-0017 _ 


^ugust  17,  1995  _ 


of  2 


Hectrical 


ase  Labor  Rate: 


ity  Multiplier  (Labor): 


Effective  Labor  Rate: 


Jity  Multiplier  (Material): 


$28.50 


1 14% 


$32.55 


MATERIAL/ 

LABOR 


Subtotals:  |S37, 247.02  I 


Sales  Tax:  I  0%  $0.00 


565.48  I  $18,404.71 


Overhead: 

Profit: 


Subtotal: 

Bond:  0% 

Contingency:  10% 


10% 

10% 

$6,121,69  1 

$67,338.59 


Grand  Total: 


$74,072.45  I 


:OE  FLW  THERMAL  STORAGE 

)30073-0017  ALTERNATIVE  IT-2 

1 

SHHI! 

\.ug;ust02,  1995 

3RH 

7 

leet:  P 

'AGE  1 

1  ii 

vIECHAMCAL-HVAC 

ase  Labor  Rate: 


ty  Multiplier: 


ffective  Labor  Rate: 


0% 


$50.00 


DESCRIPTION 


CE  HARVESTOR 


LG  TWR  (900  TONS) 


OISTING 


CE  MACHINE  450  TONS 


GHT  CHILLER  450  TO 


HILLED  WTR  SYSTEM 


PUMPS  1440  GPM 


BUTTERPLY  VALVES 


RMOMETERS 


RESSURE  GAGES 


LIEF  VALVES 


1"  BALL  VALVES 


AGE  COCKS 


"  AIR  SEPARATOR _ 


.EXIBLE  CONNECTOR 


HEMICAL  POT  FEEDER 


"  PIPING 


•'  PIPING 


/4”  PIPING 


”  INSULATION 


"  INSULATION 


/4"  INSULATION 


EA 

$3,803.00 

1  $3,803.00  1 

18.00 

$345.00 


$33.00 


$16.50 


$79.00 


EA 


EA  |$2,525.00 


$2,070.00 


:  $33.00  ; 


$79.00  . 


0 


:;:;$61.00 


$2,525.00 


::;$464.00 


$80.00 


$14.00 


r'  STRAINER 


LE  DUTY  VALVE 


UCTION  DIFFUSER 


Subtotals: 


I  $493,1 18.35^ 


Sales  Tax: 


$266.50 


$17^000.00  - 

1.26 

$330.00  ; 

0.12 

$104.00 

0.11 

$892.00  ; 

0.16 

$63.15 


$5.90 


EA 

1  $845.00  1 

$845.00 

4.00 

EA 

$113.00 

0.42 

EA 

$35.00 

:;i;£$35.00 

0.67 

EA 

$13.75 

;■  $13.75 

0.47 

EA 

jBE&aiiil 

8.00 

EA 

|$1,205.00 

1  $1,205.00  i 

6.00 

$200.00 


$21.05 


$33.35 


$23.55 


MATERIAL/ 

LABOR 


TOTAL 


$176,000.00 


$41,625.00 


$8,000.00 


$216,000.00 


$47,250.00  1  $128,250.00 


$1,599.00 


$25.00 


$25.00 


$16.65 


$168.40 


$105.25 


$400.00 


$400.00 


$590.00 


$270.00 


$3,200.00 


$400.00 


$175.00 


$3,669.00 


$91.00 


$58.00 


$95.65 


$166.25 


$2,925.00 


$864.00 


$2,000.00 


$42,260.00 


$1,120.00 


$374.00 


$4,092.00 


$480.00 


$189.00 


$200.00  ; 

$1,045.00 

$21.05 

$134.05 

-$33.35. 

.  $68.35 

.  $23.55  ‘ 

$37.30 

$400.00 

$1,738.00 

$300.00 

$1,505.00 

ii;ifcgg»wwa 


Overhead:  10% 

Profit:  10% 

Subtotal: 

Bond:  _ 

Contingen  15% 


$637,755.60 


$63,775.56 


$70,153.12 


$771,684.28 


$0.00 

$115,752.64 


$887,436.92 


Grand  Total: 


Kuhlmann  Desi2n  OrouD  Jac. 


Project  Name: 

COE  FLW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  IT-2 

Date: 

August  02,  1995 

Prepared  By: 

GRH 

Sheet: 

PAGE  2 

1 

MECHANICAL-HVAC 

FSTIMATE  OF  rONSTRIICTTON  COST 


ITEM 

MATERIAL 

Dl 

DESCRIPTION 

QTY. 

UNIT 

COST/UNIT 

TOTAL 

n 

CONDENSER  WTR  SYS 

PUMPS  2160  GPM 

1 

EA 

$5,943.00 

$5,943.00 

GRISWOLD  SEPARATOR 

1 

EA 

$5,850.00 

$5,850.00 

10"  BUTTERFLY  VALVE 

6 

EA 

$425.00 

$2,550.00 

3 

EA 

$16.50 

$49.50 

BALANCING  VALVES 

1 

EA 

$56.00 

$56.00 

AUTO  PURGE  VALVE 

1 

EA 

$1,050.00 

$1,050.00 

1  "BALL  VALVES 

6 

EA 

$12.20 

$73.20 

FLEXIBLE  CONNECTOR 

3 

EA 

$340.00 

$1,020.00 

1-1/2"  STRAINERS 

2 

EA 

$47.00 

$94.00  : 

THERMOMETERS 

2 

EA 

$33.00 

$66.00  , 

GAGE  COCKS 

7 

EA 

$12.20 

$85.40 

10"  PIPING 

400 

LF 

$73.00 

3"  PIPING 

50 

LF 

$6.60 

$330.00 

2"  VENT  PIPING 

10 

LF 

$4.12 

1"  DRAIN  PIPING 

15 

LF 

$2.18 

■iifclrAW 

1-1/2"  BALL  VALVES 

3 

EA 

$18.05 

CHEM  FEED  PUMP/TAN 

1 

LS 

■■■■■•fv  ■■  • 

SOLENOID  VALVE 

1 

EA 

$410.00 

$410.00 

3"  BUTTERFLY  VALVES 

2 

EA 

$185.00 

$370.00 

TRIPLE  DUTY  VALVE 

1 

EA 

$1,338.00 

$1^338.00 

SUCTION  DIFFUSER 

1 

EA 

$1,205.00 

$1,205.00' 

q:. 

Subtotals: 


^9,818.1f 


Sales  Tax: 


$0.00 


TtFuuMOB 


III 


Project  Name: 

Project  Number; 

930073-0017  ALTERNATIVE  lT-2 

Date: 

August  02,  1995 

Prepared  By: 

GRH 

Sheet: 

PAGE  3 

MECHANICAL-HVAC 

ase  Labor  Rate: 


Itty  Multiplier: 

0% 

Effective  Labor  Rate: 

$50.00 

MATERIAL/ 

LABOR 


Grand  Total: 


$198,582.00 


reject  Number: 


ate: 


*reparcd  By: 


heet: 


‘t.  Leonardwood  Chiller  Study  -  Alt.  IT-2 


1930073-0017 _ 


August  17,  1995  _ 


|S.  Benway _ _ 


1  of  2  _ _ 


ilectrical 


ase  Labor  Rate: 


"ity  Multiplier  (Labor): 


Effective  Labor  Rate: 


Jity  Multiplier  (Material): 


$28.50 


114% 


$32.55 


MATERIAL 


hiller  #2  Replacement 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


able  Termmation 


rounding 


m 

mi 

mi 

mi 

BIS 


1/2”  Conduit  Hanger 


1/2”  Flex  Conduit 


1/2"  Flex  Connector 


kv  Fuse 


"  Elbow 


hilled  Water  Pump-40hp 


1/0  thwn  cu.  conductor 


1  1/4”  EMT  conduit 


I50amp  fuse 


ai 

DESCRIPTION 

SSI! 

UNIT 

■3 

hiller#!  Replacement 

me 

lemolition 

Tl 

LOT 

n/a 

hid.,  5kv,  #3/0,  cu.  wire 

$2.75 

US 

able  Termination 

lai 

EA 

$98.23 

4  G 

rounding 

jn 

LOT 

n/a 

5  2 

1/2"  Rigid  Conduit 

EH 

L.F. 

$5.60 

mi 

1/2"  Rigid  Connector 

Dll 

EA 

$7.86 

7  2 

1/2"  Conduit  Hanger 

m 

EA 

$9.82 

8  2 

1/2"  Flex  Conduit 

L.F. 

1  $2.16 

9  2 

1/2"  Flex  Connector 

Bl 

EA 

mamm 

mi 

kv  Fuse 

EA 

$294.70 

ins 

"  Elbow 

Bl 

EA 

$22.60 

LOT 

n/a 

TOTAL  RS/UNI 


$504.00 


$1,200.00 


$0.00 


$228.00 


$11.00 


$48.00 


$900,00 


$46.00 


$0.00 


$0.00 


$504.00 


$1,200.00 


$0.00 


$228.00 


$48.00 


$40.00 


$11.00 


$48.00 


$900.00 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


COST/UNIT 


$0.00 


$2,820.00 


$1.43 


$40.00 


$5.70 


$40.00 


$20.00 


$7.60 


$11.50 


$157.00 


$260.00 


$0.00 


$0.00 


$2,820.00 


$1.43 


$40.00 


$200.00 


$5.70 


$40.00 


$20.00 


$7.60 


$11.50 


$49.27 


$88.57 


.36 


EA  1$1,360.511  $1,385.00 


$5.45 


$12.98 


$934.91 


$0.00 


$2.60 


$6.51 


$130.19 


$345.00 


$3.71 


$65.09 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


TOTAL  HRS  TOTAL  COST 


$0.00 


$2,820.00 


$257.00 


$480.00 


$200.00 


$228.00 


$240.00 


$23.00 


$471.00 


$57.00 


$257.00 


$480.00 


$200.00 


$228.00 


$240.00 


$80.00 


$38.00 


$23.00 


$471.00 


$57.00 


$260.00 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$18.55 


$13.02 


$65.09 


$0.00 


$0.00 


0 


$0.00 


$0.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$2,820.00 


$200.00 


$456.00 


$120.00 


$49.00 


$71.00 


$1,371.00 


$103.00 


$260.00 


$0.00 


$0.00 


$2,820.00 


$761.00 


$1,680.01 


$200.00 


$456.00 


$288.00 


$120.00 


$1,371.00 


$103.00 


$260.00 


$0.00 


$0.00 


$271.04 


$153.42 


$108.09 


$150.55 


$1,730.00 


$24.00 


$26.00 


ate: 


reparcd  By: 


t.  Leonardwood  Chiller  Study 


30073-0017 


L\ugust  17,  1995 


|S.  Benway _ 


of  2 


Electrical 


Base  Labor  Rate: 

$28.50 

City  Multiplier  (Labor): 

114% 

EfTective  Labor  Rate: 

$32.55 

City  Multiplier  (Material):  1 

102%  1 

MATERIAL 


2/0  thwn  cu.  conductor 


"  EMT  conduit 


_ laggj _ 

HSISEESSSsB 

m 


"  Flex  Conduit 


"  Flex  Connector 


$1.17 


$1.91 


$22.50 


EA  I  $300.00 


EA  $1,943.67 


L.F:  $1.80 


EA  $12.30 


EA  1$  1,000.00 


EDI 

H  thwn  cu.  conductor 

lEill 

L.F. 

$0.39 

1/4"  EMT  conduit 

Kill 

L.F. 

$1.21 

\m 

?0amp  fuse 

a 

ea 

$10.15 

Connection  to  Equipment 

ra 

EA 

$30.00 

TOTAL 


$0.00 


$178.66 


$77.78 


$68.72 


$305.40 


$1,978.66 


$9.16 


$25.04 


$1,018.00 


$0.00 


$0.00 


$71.46 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


lOOamp  switch  in  Panel 


$1,356.58 


$30.54 


$1,381.00 


$5.45 


$12.99 


$934.91 


$0.00 


$20,260.24 


EA  |$2, 946.95  I  $3,000.00  |  30.72 


$0,00 


$0.00 


$3.25 


$7.23 


$650.94 


$520.75 


$6.51 


$11.33 


$260.38 


$0.00 


$2.60 


$6.51 


$133.17 


$345.00 


$3.58 


$6.51 


$65.09 


$0.00 


$3,841.78 


$0.00 


$1,000.00 


$0.00 


$0.00 


£ 

.0 


$0.00 


TOTAL  HRS 


0.00 


4.50 


4.00 


0.67 


20.00 


16.00 


1.00 


0.70 


8.00 


0.00 


0.00 


3.60 


4.00 


0.60 


4.09 


10.60 


0.55 


0.40 


2.00 


0.00 


118.04 


0.00 


30.72 


0.00 


0.00 


0.00 


TOTAL  COST 


$0.00 


$146.46 


$130.19 


$21.68 


$650.94 


.75 


$260.38 


$0.00 


$0.00 


$117.17 


$130.19 


$19.53 


$133.17 


$345.00 


$17.90 


$13.02 


$65.09 


$0.00 


$3,841.78 


$0.00 


$1,000.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$325.12 


$207.96 


$90.39 


$956.34 


$2,499.41 


$41.71 


$47.70 


$1,278.38 


0 


$0.00 


$188.63 


$191.78 


$50.53 


$163.71 


$1,726.00 


$1,000.00 


$0.00 


$24,102.01 


$0.00 


$0.00 

$0.00 

0.00 

$0.00 

s 

$0.00 

$0.00 

0.00 

$0.00 

$ 

Subtotals:  $38,170.52 


570.55  I  $18,569.60 


IKiSKBlCTI 


Sales  Tax:  0%  I  $0.00 


10%  $5,674.01 

T0%  $6,241.41 


Overhead: 

Profit: 

Subtotal: 


Bond:  0% 

Contingency:  10%  |  $6,865.55 


Grand  Total: 


Base  Labor  Rate: 

Qty  Multiplier: 

0% 

Effective  Labor  Rate: 

$50.00 

Project  Name: 

COE  FLW  THERMAL  STORAGE 

Project  Number: 

930073-0017  ALTERNATIVE  IT-3 

Date: 

August  02,  1995 

Prepared  By: 

GRH 

Sheet: 

PAGE  1 

Department: 

MECHANICAL-HVAC 

FSTIMATE  OF  CONSTRUCTION  COST 


ITEM 

MATERIAL 

LABOR 

MATERIAL/ 

LABOR 

DESCRIPTION 

QTY. 

UNIT 

COST/UNIT 

TOTAL  1 

HRS/UNIT  1 

o 

tn 

H 

TOTAL  HRS 

TOTAL  COST 

TOTAL 

ICE  TANK 

6000 

TONS-HRS 

$44.00 

$264,000.00  1 

$264,000.00 

CLGTWR-1215  TONS 

BHl 

EA 

$40.00 

$48,600.00 

110.00 

nlrnTii 

$6,075.00 

$54,675.00 

HOISTING 

Di! 

LS 

$8,000.00 

ICE  MACHINE  815  TONS 

m 

TON 

$375.00 

100.00 

$80.00 

$65,200.00 

$370,825.00 

NIGHT  CHILLER  400  TO 

1B!B 

TON 

$180.00 

$72,000.00 

100.00 

$100.00 

$40,000.00 

$112,000.00 

nil 

CHILLED  WTR  SYSTEM 

PUMPS  1440  GPM 

1 

EA 

$3,803.00 

$3,803.00 

18.00 

$900.00 

.:  ■  : 

$900.00 

mwm 

8"  BUTTERFLY  VALVES 

6 

EA 

$345.00 

$2,070.00 

5.33  , 

$266.50  . 

$1,599.00 

$3,669.00 

THERMOMETERS 

B 

EA 

$33.00 

$66.00 

0.25 

$12.50 

" 

$25.00 

$91.00 

PRESSURE  GAGES 

B 

EA 

$16.50 

$33.00  : 

0.25 

$12.50 

• 

=  $25.00 

;;;$58.00 

RELIEF  VALVES 

EA 

$79.00 

0.33 

$16.65 

$16.65 

:  $95.65 

1"  BALL  VALVES 

8 

EA 

0.42 

$21.05 

$168.40 

$266.00 

GAGE  COCKS 

B 

EA 

$12.20 

■liiMiltliM 

0.42 

$105.25 

$166.25 

8"  AIR  SEPARATOR 

B 

EA 

$2,525.00 

$2,525.00 

8.00 

$400.00 

.  • 

$400.00 

$2,925.00 

FLEXIBLE  CONNECTOR 

2 

EA 

$232.00 

$464.00, 

4.00 

$200.00 

$400.00 

$864.00 

CHEMICAL  POT  FEEDER 

I 

LS 

...  ;  .  ..  , 

$2,000.00 

8"  PIPING 

LF 

$42.50 

$17,000.00 

1.26 

$63.15 

$25,260.00 

$42,260.00 

2"  PIPING 

WBSM 

LF 

nssiliU 

0.12 

$5.90 

$590.00 

$1,120.00 

3/4"  PIPING 

o 

LF 

$2.08 

HWItM 

0.11 

$5.40 

$270.00 

S"  INSULATION 

LF 

$2.23 

$892.00 

0.16 

$8.00 

$3,200.00 

$4,092.00 

2"  INSULATION 

ITBl 

LF 

$0.80 

$80,00 

0.08 

$4.00 

$400.00 

$480.00 

3/4"  INSULATION 

m 

LF 

$0.28 

0.07 

:$3.50 

$175.00  , 

$189.00 

:  $0.00 

150  GAL  EXP  TANK 

1 

EA 

$845.00 

$845.00 

4.00 

$200.00 

$200.00 

$1,045.00 

FILL  VALVE  ASSEMBLY 

1 

EA 

$113.00 

$113.00 

0.42 

$21.05 

$21.05 

$134.05 

MANUAL  AIR  VENT 

1 

EA 

$35.00 

$35:00  “1 

0.67 

$33.35 

$33.35 

$68.35 

1"  STRAINER 

1 

EA 

$13.75 

$13.75 

0.47 

$23.55 

.r;$23.55 

$37.30 

TRIPLE  DUTY  VALVE 

1 

EA 

$1,338.00 

$1,338.00 

6.00 

$300.00 

V"-: 

$300.00 

$1,638.00 

SUCTION  DIFFUSER 

EA 

$1,053.00 

$1,053.00 

4.00 

$200.00 

$200.00 

Subtotals: 

$721,441.35 

$145,587.25 

$877,028.60 

Sales  Tax: 

$0.00  1  Overhead: 

10% 

$87,702.86 

Profit: 

10% 

$96,473.15 

Subtotal: 

$1,061,204.61 

Bond: 

Contingen 

$0.00 

15% 

$159,180.69 

|$L22Q,385.30 


Grand  Total: 


Project  Name: 

COE  FLW  THERMAL  STORAGE 

Project  Number; 

930073-0017  ALTERNATE  IT-3 

Date: 

August  02,  1995 

GRH 

PAGE  2 

MECHANICAL-HVAC 

FSTIMATE  OF  CONSTRUCTION  COST 


ITEM 

MATERIAL 

a 

DESCRIPTION 

QTY. 

UNIT 

COST/UNIT 

TOTAL 

CONDENSER  WTR  SYS 

PUMPS  2916  GPM 

1 

EA 

$5,943.00 

$5*943.00 

GRISWOLD  SEPARATOR 

1 

EA 

$4,750.00 

$4,750.00 

8"  BUTTERFLY  VALVES 

6 

EA 

$345.00 

$2,070.00 

PRESSURE  GAGES 

3 

EA 

$16.50 

$49.50 

BALANCING  VALVES 

1 

EA 

$56.00 

$56.00  : 

AUTO  PURGE  VALVE 

1 

EA 

$1,050.00 

r'BALL  VALVES 

6 

EA 

$12.20 

$73.20 

FLEXIBLE  CONNECTOR 

3 

EA 

$340.00 

$1,020.00 

1-1/2"  STRAINERS 

2 

EA 

$94.00 

THERMOMETERS 

2 

$33.00 

$66.00 

GAGE  COCKS 

7 

EA 

$12.20 

$85.40 

8"  PIPING 

400 

LF 

$42.50 

3"  PIPING 

50 

LF 

$6.60 

$330.00  i 

2"  VENT  PIPING 

10 

LF 

$4.12 

$4L20 

1"  DRAIN  PIPING 

15 

LF 

$2.18 

$32.70 

1-1/2"  BALL  VALVES 

3 

EA 

$18.05 

CHEM  FEED  PUMP/TAN 

1 

LS 

SOLENOID  VALVE 

1 

EA 

$410.00 

3"  BUTTERFLY  VALVES 

2 

EA 

$185.00 

$370.00 

1 

EA 

$1,338.00 

$1,338.00 

SUCTION  DIFFUSER 

1 

EA 

$1,205.00 

$1,205.00 

••=..  •  V:' 

Subtotals: 


136,038.15 


MATERIAL 


MATERUL/ 

LABOR 


DESCRIPTION 


QTY.  I  UNIT  COST/UNIT  TOTAL  |  HRS/UNIT  |  COST/UNIT  |  TOTAL  HRS  |  TOTAL  COST  |  TOTAL 


ROJ  MAN. /MISC  COSTS  1  LS 


lESMIC 


ONTROLS 


ALANCING 


1  LS 


1  LS 


Subtotals: 
Sales  Tax:  I 


$0.00  I  $29,000.00 


$0.00 

0.00 

$0.00 

$10,000.00 

$0.00 

0.00 

$0.00 

$4,000.00 

Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingency: 


$163,000.00 


[$195,600.00 


10% 

$16,300.00 

10% 

$16,300.00 

$0.00 

15% 

$29,340.00 

[$224,940.00 


Grand  Total: 


*t.  Leonardwood  Chiller  Study  -  Alt.  lT-3 


Project  Number: 

930073-0017 

Date: 

August  17,  1995 

Prepared  By: 

S.  Ben  way 

Sheet: 

1  of  2 

Department: 

Electrical 

Base  Labor  Rate: 

$28!50  I 

City  Multiplier  (Labor): 

Effective  Labor  Rate: 

jCity  Multiplier  (Material): 

102% 

LiigKiia 


[MCKiLM 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$2,820.00 


$1,446.81 


$1,680.01 


$200.00 


$456.00 


$288.00 


$120.00 


$49.00 


$71.00 


$1,371.00 


$103.00 


$1,159.94 


$0.00 


$0.00 


$2,820.00 


$761.00 


$1,680.01 


$200.00 


$456.00 


$288.00 


$120.00 


$471.00 


$57.00 


$260.00 


$0.00 


$0.00 


$97.64 


$104.15 


$19.53 


$130.19 


$345.00 


$18.55 


$13.02 


$65.09 


$0.00 


$3,841.78 


$0.00 


$1,000.00 


$0.00 


$15,000.00 


$0.00 


$24,102.01 


$0.00 


$3,999.99 


$0,00 


$15,000.00 


ill  jj  IFiUI  f  II 


^t.  Leonardwood  Chiller  Study 

Project  Number:  5 

>30073-0017 

Date:  > 

August  17,  1995 

Prepared  By:  5 

S.  Benway 

Sheet: 

of  2 

electrical 

E  OF  CONSTRUCTION  CO 

ase  Labor  Rate: 


rity  Multiplier  (Labor): 
ffective  Labor  Rate: 


ity  Multiplier  (Material): 


$28.50 


114% 

$32.55 


MATERIAU 

LABOR 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


lOOamp  switch  in  Panel 


2)  Cooling  Twr.  Fan-30hp 


EA 

$6.25 

$25.45 

EA 

$525.45 

$1,069.82 

\m 
\m 
lia 
m 


1  1/4"  EMT  conduit 


120amp  fuse 


Connection  to  Equipment 


$29,00 


$20.00 


$167.66 


$98.54 


$177.13 


$40.72 


EA  |$1,356.58  I  $2,762.00 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


lOOamp  switch  in  Panel 


$1.07 


$6.38 


$918.38 


$10.89 


$25.96 


$1,869.82 


COST/LNIT 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$228.00 


$3.71 


$6.51 


$65.09 


$0.00 


$0.00 


$0.65 


$2.60 


$6.51 


$130.19 


$345.00 


$3.71 


$6.51 


$65.09 


$0.00 


$0. 

$0. 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


TOTAL  COST 


$0.00 


$195.28 


$208.30 


$39.06 


$260.38 


$456.00 


$37.10 


$26.04 


$130.19 


$2,191.99 


$47.79 


$51,49 


$1,200.00 


$195,28 


$208.30 


$39.06 


$260.38 


$690.00 


$37.10 


$26.04 


$216.19 


$301.10 


$3,451.99 


$48,00 


$52.00 


$2,000.01 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


$0.00 


Subtotals:  |$40,916.82| 


Sales  Tax:  i  0%  I  $0.00 


1072.12  I  $34,894.34  |  $75,811.15 


10% 

$7,581.12 

10% 

$8,339.23 

Subtotal: 

Bond: 

Contingency: 


$91,731.50 


0% 

$0.00 

10% 

$9,173.15 

I  $100,904.65 


Grand  Total: 


»Vnn  (irKiTTiMji^fHr 


COE  FLW  THERMAL  STORAGE 


930073-0017  ALTERNATIVE  IT-4 


ugust  02,  1995 


GRH 


>AGE  1 


^CHANICAL-HVAC 


ase  Labor  Rate: 


Ity  Multiplier: 


Effective  Labor  Rate: 


0% 


$50.00 


MATERIAL 


MATERUL/ 

LABOR 


DESCRIPTION 


CETANK 


LGTWR-1085  TONS 


OISTING 


CE  MACHINE  635  TONS 


GHT  CHILLER  450  TO 


HILLED  WTR  SYSTEM 


PUMPS  1440  GPM 


"  BUTTERFLY  VALVES 


RMOMETERS 


RESSURE  GAGES 


LIEF  VALVES 


1"  BALL  VALVES 


AGE  COCKS 


"  AIR  SEPARATOR 


UNIT  I  COST/UNIT  I  TOTAL  I  RS/UNI  COST/UNIT  I  TOTAL  HRS  I  TOTAL  COST  I  TOTAL 


$264,000.00 


$50,181.25 


$8,000.00 


$292,100.00 


$132,750.00 


HEMICAL  POT  FEEDER 


"  PIPING 


"  PIPING 


/4"  PIPING 


INSULATION 


“  INSULATION 


/4"  INSULATION 


150  GAL  EXP  TANK 


ILL  VALVE  ASSEMBLY 


AL  AIR  VENT 


r'  STRAINER 


UCTION  DIFFUSER 


$345.00 


$33.00 


$16.50 


$79.00 


$12.20 


$12.20 


$2,525.00 


$232.00 


$2,070.00 


$66.00 


$33.00 


$79.00 


$266.50 


$113.00 


$35.00 


$13.75 


$2,208.00 


$1,053.00  $1,053.00 


$1,599.00 


$25.00 


$25.00 


$16.65 


$168.40 


$105.25 


$400.00 


$400.00 


$25,260.00 


$590,00 


$270,00 


$3,200.00 


$3,669.00 


$91.00 


$58.00 


$95.65 


$266.00 


$2,925.00 


$864.00 


$2,000.00 


$42,260.00 


$1,120.00 


$374.00 


$4,092.00 


$240.00 


$189.00 


$200,00 

$200.00 

$21.05 

$134.05 

$33.35 

$68.35 

$23:.55 

$37.30 

$400,00 

$2,608.00 

$300,00 

$1,353.00 

Subtotals: 


Sales  Tax: 


8657,726.35 

$0.00  I 


Profit: 


$146,818.50  $814,544.85 


10% 

$81,454.49 

10% 

$89,599.93 

Subtotal: 


$985,599.27 


$0.00 

15% 

$147,839.89 

l$l, 133, 439.16 


Grand  Total: 


COE  FLW  THERMAL  STORAGE 


930073-0017  ALTERNATIVE  IT-4 


ugust  02,  1995 


GRH 


^AGE2 


iCHANICAL-HVAC 


ase  Labor  Rate: 


^ty  Multiplier: 


ffectdve  Labor  Rate: 


0% 


$50,00 


MATERIAL 


DESCRIPTION 


JONDENSER  WTR  SYS 


UMPS  2600  GPM 


RISWOLD  SEPARATOR 


10“  BUTTERFLY  VALVE 


RESSURE  GAGES 


ALANCING  VALVES 


,UTO  PURGE  VALVE 


r’BALL  VALVES 


.EXEBLE  CONNECTOR 


1-1/2"  STRAINERS 


AGE  COCKS 


10"  PIPING 


"  PIPING 


"  VENT  PIPING 


1"  DRAIN  PIPING 


1-1/2"  BALL  VALVES 


:hem  feed  pump/tan 


OLENOID  VALVE 


"  BUTTERFLY  VALVES 


LE  DUTY  VALVE 


UCTION  DIFFUSER 


MATERIAL/ 

LABOR 


QTY.  UNIT  COST/UNIT  TOTAL  HRS/UNIT  I  COST/UNIT  TOTAL  HRS  TOTAL  COST  |  TOTAL 


15 

LF 

3 

EA 

1 

LS 

1 

EA 

2 

EA 

1 

mdtM 

1 

EA 

$5,943.00 


$4,750.00 


$425.00 


$16.50 


$56.00 


$1,050.00 


$340.00 


$47.00 


$33.00 


$12.20 


$73.00 


$6.60 


$4.12 


$2.18 


$18.05 


$410.00 


$185.00 


$5,943.00 


$4,750.00 


$49.50 


$56.00  , 


$1^050.00 


$73.20 


$1,020.00 


$66.00 


$85.40  T 


29,200.00 


$330.00 


$41.20 


$410.00 


$370.00 


Subtotals: 


£50,476.15  I 


Sales  Tax: 


$1,200.00 


$400.00 


:  $300.00 


$12.50 


$22.20 


$36.35 


$21.05 


$225.00 


::$28.55 


■$12.50 


$21.05 


$75.00 


a  $18.60 


$13.10 


:,;:::$7.55 


■  $30.75 


$37.50 


$100.00 


$2,208.00 

$2,208.00 

8.00 

$400.00  4:. 

$2,093.00 

$2,093.00 

8.00 

$400.00 

Overhead: 

Profit: 

Subtotal: 


$1,200.00 


$400.00 


$1,800.00 


$37.50 


$22.20 


$36.35 


$126.30 


$675.00 


.  :  $57.10 


$25.00 


$147.35 


$30,000.00 


$930.00  : 


$131.00 


$113.25 


$92.25 


$37.50  . 


$200.00 


$7,143.00 


$5,150.00 


$87.00  ■  : 


$78.20  - 


$1,086.35 


$199.50 


$1,695.00 


$151.10 


$9LOO 


$232.75  : 


$59,200.00 


$1,260.00 


$146.40 


$2,000.00 


$447.50 


$570.00 


$400.00 

$2,608.00 

$400.00 

$2,493.00 

$36,830.80  I  $89,306.95 


10% 

$8,930.70 

10% 

$8,930.70 

$107,168.34 


0 

15% 

$16,075.25  1 

Grand  Total: 


Subtotals: 
Sales  Tax:  | 


I  $163,000.00 


Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingency: 


10% 

$16,300.00 

10% 

$16,300.00 

I  $195,600.00 


$0.00 

15% 

$29,340.00 

[$224,940.00 


Grand  Total: 


mmmamm 

Ft.  Leonardwood  Chiller  Study  -  Alt.  lT-4 

Project  Number: 

930073-0017 

Date: 

August  17,  1995 

Prepared  By: 

S,  Benway 

Sheet: 

1  of  2 

ase  Labor  Rate: 


^ity  Multiplier  (Labor): 


'  fTective  Labor  Rate: 


rity  Multiplier  (Material): 


$28.50 


114% 

$32.55 


MATERIAL 


DESCRIPTION 


hiller#!  Replacement 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


LOT  I  n/a 


L.F.  $2.75 


EA 


TOTAL 


$0.00 


$0.00 


$1,200.00 


$0.00 


1/2”  Conduit  Hanger 


1/2”  Flex  Conduit 


1/2”  Flex  Connector 


kv  Fuse 


”  Elbow 


hiller  #2  Replacement 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


rounding 


1/2"  Rigid  Conduit 


1/2"  Rigid  Connector 


1/2"  Conduit  Hanger 


1/2"  Flex  Conduit 


1/2”  Flex  Connector 


kv  Fuse 


”  Elbow 


hilled  Water  Pump-40hp 


L.F.  $2.16 


EA  $23.58 


EA  $294.70 


EA  $22.60 


n/a 


$11.00 


$48.00 


$900.00 


$46.00 


$0.00 


$0.00 


$0.00 


$0.00 


$504.00 


$1,200.00 


$0.00 


$228.00 


$48.00 


$40.00 


$11.00 


$48.00 


$900.00 


$46.00 


$0.00 


$0.00 


$0.00 


f^l/0  thwn  cu.  conductor 

\m 

L.F. 

$1.14 

$173.40 

1  1/4"  EMT  conduit 

lE&l 

L.F. 

$1.21 

$49.27 

150amp  fuse 

IB 

EA 

$29.00 

Connection  to  Equipment 

nz 

EA 

$20.00 

IB 

EA 

$1,360.51 

$1,385.00 

1  1/4"  Flex  Conduit 

IB 

L.F. 

■SEOI 

$5.45 

1  1/4"  Flex  Connector 

IB 

EA 

$12.98 

150amp  switch  in  Panel 

Ti 

EA 

1  $918.38 

$934.91 

qsssbbssbii 


EA  1$  15,000.0 


EA  |$2, 946.95 


LOT  I  n/a 


$0.00 


$15,270.00 


$0.00 


$3,000.00 


$0.00 


$0.00 


COST/UNIT 


$0.00 


$2,820.00 


$1.43 


$40.00 


$200.00 


$5.70 


$7.60 


$11.50 


$157.00 


$28.50 


$260.00 


$2,820.00 


$1.43 


$40.00 


$200.00 


$5.70 


$40.00 


$20.00 


$7.60 


$11.50 


$157,00 


$28.50 


$260.00 


$0.00 


$0.00 


.65 


TOTAL  HRS 


0.00 


86.64 


7.90 


14.75 


6.15 


7.01 


$130.19 


$345.00 


$3.71 


$6.51 


$65,09 


$0.00 


$1,765.67 


$0.00 


$1,000.00 


460.87  I  $15,000.00 


TOTAL  COST 


$0.00 


$2,820.00 


$257.00 


$480.00 


$200.00 


$228.00 


$240.00 

$80.00 


$38.00 


$23.00 


$471.00 


$57.00 


$0.00 


$2,820.00 


$257.00 


$480.00 


$200.00 


$228.00 


$240.00 


$80.00 


.00 


$57.00 


$260.00 


$0.00 


$0.00 


$97.64 


$19.53 


$130.19 


$345.00 


$18.55 


$65. 


$0.00 


$1,765.67 


$0.00 


$1,000.00 


$0.00 


$15,000.00 


MATERIAL/ 

LABOR 


TOTAL 


$0.00 


$2,820.00 


$761.00 


$1,680.01 


$200.00 


$456.00 


$288.00 


$120.00 


$71.00 


$1,371.00 


$103.00 


$0.00 


$2,820.00 


$761.00 


$1,680.01 


$200.00 


$120.00 


$49.00 


$71.00 


$1,371,00 


$103.00 


$260.00 


$0.00 


$0.00 


$108.09 


$150.55 


$1,730.00 


$24.00 


$26.00 


$1,000.00 


$0.00 


$17,035.67 


$0.00 


$3,999.99 


$0.00 


$15,000.00 


roject  Number: 


ate: 


repared  By: 


-'t.  Leonardwood  Chiiler  Study 


1930073-0017 _ 


^ugust  17,  1995 


|S.  Benway 
'  2 


Electrical 


Base  Labor  Rate: 

$28.50 

City  Multiplier  (Labor): 

114% 

Effective  Labor  Rate: 

$32.55 

|City  Multiplier  (Material): 

102%  1 

[tJCTOJ 


MATERUL/ 

LABOR 


Subtotals:  $35,353.54 

Sales  Tax:  I  0%  I  SO. 00  I 


10% 

$6,715.91 

10% 

$7,387.50 

977.22  I  $31,805.53  I  $67,159.07 


Profit: 

Subtotal: 

Bond: 

Contingency: 


0% 

$0.00 

10% 

$8,126.25 

Grand  Total: 


$89,388.72  | 


[imiigtr 


ject  Number:  [930073-0017  ALTERNATIVE  IT-5 


ugust  02,  1995 


GRH 


>AGE  1 


iCHANICAL-HVAC 


ase  Labor  Rate: 


Ilt>'  Multiplier: 

0% 

iffective  Labor  Rate: 

$50.00 

MATERIAL 


DESCRIPTION 


CE  TANK 


LGTWR-970  TONS 


OISTING 


CE  MACHINE  520  TONS 


GHT  CHILLER  450  TO 


HILLED  WTR  SYSTEM 


PUMPS  1440  GPM 


"  BUTTERFLY  VALVES 


RMOMETERS 


RESSURE  GAGES 


iLIEF  VALVES 


BALL  VALVES 


AGE  COCKS 


"  AIR  SEPARATOR 


.EXIBLE  CONNECTOR 


HEMICAL  POT  FEEDER 


'  PIPING 


”  PIPING 


/4"  PIPING 


”  INSULATION 


'•  INSULATION 


/4”  INSULATION 


150  GAL  EXP  TANK 


X  VALVE  ASSEMBLY 


AL  AIR  VENT 


1”  STRAINER 


4500  I TONS-HRS 


COST/UNIT 


$44.00 


$40.00 


TOTAL  |HRS/UNIT|  COST/UNIT  |  TOTAL  HRS  |  TOTAL  COST 


$198.(k)0.00 


$38,800.00  0.13  $6.25  : 


$6,062.50 


$345.00 


$33.00 


$16.50 


$79.00 


$12.20 


$12.20 


$2,525.00 


$232.00 


laiawaiHiiiinMKiiMia 


UCTION  DIFFUSER 


$845.00 


$113.00 


$35.00 


$13.75 


$2,208.00 


$1,053.00 


$2,070.00 


$66.00 


$33.00 


$79.00  : 


$97.60 


$61.00 


$2,525.00 


:;S464.00 


$22,400.00 


$530.00  : 


$104.00 


$892.00 


$845.00 


$113.00 


:$35.00 


$13.75 


$2,208.00 


$1,053.00 


$1,599.00 


$25.00  , 


$25,00  -N 


$16.65 


=  $168.40 


$105.25 


i  $400,00.  :: 


$400.00 


$25,260.00 


$590,00  ^ 


$270.00  ^ 


,200.00 


■$400.00 


$175.00 


$200.00 


$2 


$23.55 


$400.00 


$300,00 


MATERUD 

LABOR 


TOTAL 


$198,000.00 


$44,862,50 


$3,669.00 


$91.00 


$58.00 


$95.65 


$266.00 


;  $166.25 


$2,925.00 


$864.00 


$2,000.00 


$47,660.00 


$1,120.00 


$374.00 


$4,092.00 


$480.00 


$189.00 


$1,045.00 


$134.05 


$68.35 


$37.30 


$2,608.00 


$1,353.00 


Subtotals: 

Sales  Tax:  I 


$550,286.35 


Overhead: 

Profit: 


$144,324.75  |  $704,611.10 


10% 

$70,461.11 

10% 

$77,507.22 

Subtotal: 

Bond: 

Contingency: 
Grand  Total: 


$852,579.43 


$0.00 

15% 

$127,886.91 

$980,466.35 

COE  FLW  THERMAL  STORAGE 


930073-0017  ALTERNATIVE  IT-5 


ugust  02  1995 


GRH 


'AGE  2 


iCHANICAL-HVAC 


ase  Labor  Rate: 


Multiplier: 

0% 

iffective  Labor  Rate: 

$50.00 

LM^roj 


MATERIAL 


MATERUL/ 

LABOR 


DESCRIPTION 


JONDENSER  WTR  SYS 


UMPS  2328  GPM 


RISWOLD  SEPARATOR 


10"  BUTTERFLY  VALVE 


RESSURE  GAGES 


ALANCING  VALVES 


.UTO  PURGE  VALVE 


1"BALL  VALVES 


.EXIBLE  CONNECTOR 


1-1/2"  STRAINERS 


RMOMETERS 


AGE  COCKS 


10"  PIPING 


"  PIPING 


"  VENT  PIPING 


1"  DRAIN  PIPING 


1-1/2"  BALL  VALVES 


:HEM  feed  PUMP/TAN 


OLENOID  VALVE 


"  BUTTERFLY  VALVES 


LE  DUTY  VALVE 


UCTION  DIFFUSER 


QTY.  I  UNIT  I  COST/UNIT  |  TOTAL  |HRSAJNIT|  COST/UNIT  |  TOTAL  HRS  |  TOTAL  COST  |  TOTAL 


$5,773.00 


$4,750.00 


$425.00 


$16.50 


$56.00 


$1,050.00 


$12.20 


$340.00 


$47.00 


$33.00 


$12.20 


$73.00 


$6.60 


$4.12 


$2.18 


$18.05 


$5,773.00 


$4,750.00 


$2,550.00 


$49.50 


$56.00 


$1,050.00 


$73.20 


$1,020.00 


$94.00 


$66.00 


$85.40 


29,200.00 


$330.00 


$41.20 


$32.70 


$54.15 


8.00 

$400.00 

6.00 

$300.00  1 

0.25 

$12.50  ;  ' 

0.44 

$22.20 

0.73 

$36.35 

0.42 

$21.05 

i|^9 

$225.00 

$28.55 

0.25 

:  $12.50 

0.42 

iS$21.05 

1.50 

$75.00 

0.37 

$18.60 

0.26 

$13.10 

0.15 

$7.55  :  . 

0.62 

$30.75 

EA  I  $2,208.00  I  $2,208,00 


EA  I  $2,093.00  I  $2,093.00 


$400.00 


$300.00 


$1,200.00 


$400.00 


$1,800.00 


:$37.50 


$22.20  : 


$36.35 


$126.30 


$675.00 


$57.10 


$25.00 


$147.35 


$30,000.00 


$930.00 


$131.00 


$113.25  : 


$92.25/: 


$37.50 


$200.00 


$6,973.00 


$5,150.00 


$4,350.00 


$87.00 


$78.20 


$1,086.35 


$199.50 


$1,695.00 


$151.10 


$91.00 


$232.75  : 


$59,200.00 


$1,260.00 


$172.20 


$145.95 


$146.40 


$2,000.00 


$447.50 


$570.00 


$400.00 

$2,608.00 

$300.00 

$2,393.00 

Subtotals: 


Sales  Tax: 


$50,306.15] 
$0.00  1 


0.00  j  $36,730.80  1  $89,036.95 


Overhead: 

Profit: 

Subtotal: 


10% 

$8,903.70 

10% 

$8,903.70 

1  $106,844.34 


$0,00 

15% 

$16,026.65 

1  $122,870.99 


Grand  Total: 


■rtfrtalaiiL\»Aiiirttlgr^^^ 


reject  Niunber:  |930073-0017  ALTERNATIVE  IT-5 


ugust  02,  1995 


>AGE3 


CHANICAL-HVAC 


Jase  Labor  Rate: 

nty  Multiplier: 

0% 

Iflective  Labor  Rate: 

$50.00 

MATERIAL 


MATERIAL/ 

LABOR 


DESCRIPTION  I  QTY.  I  UNIT  I  COST/UNIT  I  TOTAL  HRS/UNIT  I  COST/UNIT  |  TOTAL  HRS  I  TOTAL  COST  |  TOTAL 


ROJ  MAN/  MISC  COSTS  I  1  |  LS  .  $0.00  |  |  $0.00 ;  ;  }  :  0.00  |  $0.00  |  $29,500.00 


EISMIC 


:ONTROLS 


ALANCING 


1  I  LS 


1  LS 


Subtotals: 
Sales  Tax:  I 


$0.00 

p.oo 

;;$0.00 

$10,000.00 

$0.00 

;  0.00  : 

$0.00 

$96,750.00 

$0.00 

:  0.00 

$0.00 

$4,000.00 

Overhead: 

Profit: 

Subtotal: 

Bond: 

Contingency: 


$140,250.00 


10% 

$14,025.00 

10% 

$14,025.00 

I  $168,300.00 


$0.00 

15% 

$25,245.00 

Grand  Total: 


$193,545.00 


roject  Name:  [Ft.  Leonardwood  Chiller  Study  -  Alt.  ITo 


reject  Number:  p30073-0017 _ _ 


ate;  L^ugust  17,  1995 _ _ 


►repared  By:  S.  Benway _ _ 


beet:  1  of  2 


electrical 


Base  Labor  Rate: 

$28.50 

City  Multiplier  (Labor); 

114% 

Effective  Labor  Rate: 

$32.55 

[City  Multiplier  (Material): 

102%  1 

MATERIAL 


DESCRIPTION 


Chiller  #1  Replacement 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


Jable  Termination 


rounding 


1/2"  Rigid  Conduit 


1/2"  Rigid  Connector 


1/2"  Conduit  Hanger 


1/2"  Flex  Conduit 


1/2"  Flex  Connector 


kv  Fuse 


"  Elbow 


hiller  #2  Replacement 


emolition 


hielded,  5kv,  #3/0,  cu.  w 


rounding 


1/2"  Rigid  Conduit 


1/2"  Rigid  Connector 


1/2"  Conduit  Hanger 


1/2"  Flex  Conduit 


1/2"  Flex  Connector 


kv  Fuse 


"  Elbow 


Jonnection  to  Equipment 


hilled  Water  Pump-40hp 


1/0  thwn  cu.  conductor 


1  1/4"  EMT  conduit 


1 50amp  fuse  _ 


Connection  to  Equipment 


TOTAL 


$0.00 


so.oo 


$504.00 


RS/UNI  COST/UNIT 


$0.00 


86.64  I  $2,820.00 


$1.43 


TOTAL  HRS 


0.00 


86.64 


7.90 


TOTAL  COST 


$0.00 


$2,820.00 


$257.00 


KsiiiaamiaaaB 

E3 


1  1/4"  Flex  Conduit 


1  1/4"  Flex  Connector 


150amp  switch  in  Panel 


EA  |$15, 000.0 


LOT  I  n/a 


$15,270.00 


$0.00 


$3,000.00 


$0.00 


$0.00 


460.87 


$1,765.67 


$0.00 


$1,000.00 


$0.00 


$15,000.00 


NUTERIAL/ 

LABOR 


TOTAL 


$0.00 


$2,820.00 


$761.00 


$120.00 


$49.00 


$71.00 


$1,371,00 


$103.00 


$260.00 


$0.00 


0 


$2,820.00 

$2,820.00 

$257.00 

$761.00 

$480.00 

$1,680.01 

$200.00 

$200.00 

$228.00 

$456.00 

$240.00 

$288.00 

$80.00 

$120.00 

$1,371.00 

$103.00 

$260.00 

$0.00 

$0.00 

$0.00 

$97.64 

$271.04 

$104.15 

$153.42 

$19.53 

$108.09 

$345.00 

$1,730.00 

$18.55 

$24.00 

$1,000.00 

$0.00 

$0.00 

$1,765.67 

$17,035.67 

$0.00 

$0.00 

$1,000.00 

$3,999.99 

$0.00 

$0.00 

$15,000.00 

$15,000.00 

Subtotals:  |$33, 1 80.28  | 

Sales  Tax:  I  0%  I  $0.00  | 


10% 

$6,467.38 

10% 

$7,114.12 

967.63  I  $31,493.50  |  $64,673.78 


Profit:  I 

Subtotal: 

Bond: 

Contingency: 


$78,255.28 


0% 

$0.00 

10% 

$7,825.53 

$86,080.81 


Grand  Total: 


APPENDIX  H 


LIFE  CYCLE  COST  ANALYSIS 
COMPUTER  PRINTOUTS 


I 


..IFE  CYCLE  COST  ANALYSIS  SUMMARY 


ENERGY  Y 

CQNSEF 

V 

AT  I  DM 

I NVE 

STMEN 

T  PROGRAM  (E< 

LN 

STALL 

AT  I  ON 

LDC 

A* 

T  I  ON ; 

^  \  1 

LEONARD  NREGIuN 

PR 

□JECT 

NO. 

■i:  T I T  L. 

E 

:  930» 

* » y  3  —  A) 

0 1 7 

C  G 1-  D  T  H  El  FI;  M  A 

FI 

SCAL 

YEAR 

1996 

DISC! 

9ETE 

f^'DRTI 

3N  NAME :  ECO 

AN 

ALYSI 

— .  r-' 

D  1 

E:  OP 

<  — 

2  1^  -9  5 

ECO 

i  T  Q 

LIFE!  20  YTiA 

inve: 

E’TMENT 

A  „ 

CONS 

TRUCT 

ION  CC 

T 

•s 

7693 

1 7  , 

B . 

P  T  nu 

W  w«  : 

■'$ 

(354 

06 . 

C . 

DESI 

GN  CO 

ST 

5 

931 

71  . 

D . 

IOTA 

L  COS 

T  (lA- 

-1 

3-i-lC) 

$ 

9493 

94, 

E. 

SALV 

AGE  'v 

ALUE  f. 

;iF 

EXIS 

TING 

EQUIP 

MENT  $ 

F. 

PUBL 

IC  UT 

ILITY 

p 

GMPAN 

Y  REB 

ATE 

■$ 

G « 

IOTA 

L  INV 

ESTMEr 

IT 

( ID 

“  IE 

-  IP) 

2, 

ENER 

GY  SF 

V I  NGS 

( 

)  / 

COST 

(“) 

DA 

iTE  OF 

NIST 

IR  85- 

”3 

; 2 7  3 X 

USED 

-  FOR 

DISCOUNT  FAC 

UNIT 

O' 

:G3T 

r*-  ."i  i  >  r 
■r  V  .1 

NGS 

ANNUAL  $ 

STUDY  ?  FLUSTOR 
LCCID  FY95  (92) 
7  CENSUS:  2 


GRAN' 


0 , 


94^394  ^ 


FUEL 


$ /  MNH ( 1 


ELECT  25,00 


MNH/YR(2) 
1  1 


SAVINGS(3) 


DISCOUNT 
FACTOR (4) 


D I SC GUM TED 
SAV I MGS ( 5 ) 


E’ «  D I U 1 
C.  RtlSID  ^ 
L>.  NAT  G  $ 


.  0C> 


0 , 

)■) 


COAL  $ 


PPG 


.  r>0 

r  OC) 

0.0. 


O} 

f- 


•$ 

'•:5 


0  . 


M,  DEMAND  SAVINGS 
N-  TOTAL 


9203 , 


15,83 
1  ,  1 6 
21.43 
13,30 
1 6 . 62 
IS.  20 

1  4  HP 


0 . 
0 , 


•il 

■$ 


0 . 

0  : 

I'V  ^ 

136941 . 

141419. 


3,  NON  ENERGY  SAVINGS(-t->  /  COST(“) 


A,  ANNUAL  RECURRING  i^/’) 

( 1 )  D I SCOUNT  FACTOR  ( TABLE  A ) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X 


•$ 


14. SS 


B,  NGN  RECURRING  SAVINGS(-^)  /  COSTS  (-) 

gAyTKi03(-h)  YR 
ITEM  CDST(™)  OC 

( 1  )  ( 2  ) 


I )  ;  Hj  [ 

FACTR 
r  3  '> 


D I SCOUNT ED 
SAV I NGS  ( -^  )  / 
COST ( - ) ( 4 ) 


0. 


A 


d,  TOTAL  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAV  I  NGS  (  +  ) /COST  ( -- )  (  3A2-H3Bd4  )  ^  0. 

FIRST  YEAR  DOLLAR  SAVINGS  2N3h-3Aa  (  3Bd  1  /  (  YRS  ECONOMIC  LIFE  )  )  ‘-^485, 

SIMPLE  PAYBACK  PER I UD ^ ( lG/4 )  99,99  YEARS 

TOTAL  NET  DISCOUNTED  SAVINGS  (2N5*^“3C)  ^  14  1412, 

(SIR)-(6  /  IG)-  .ID 


SAVINGS  TO  INVESTMENT  RATIi 

f  TP  <■ 


PRG«jECT  DDES  NOT  QUALIFY) 
^ D  J  U S T  ED  I  T E R N  AL..  R  A  I' 


QP  RETU’RM  (  A I RR  )  : 
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Tj  -Tl 


LIF-E  CYCLE  COST  Ar-!ALYS;[ S  SUMMARY  STUDY;  FLWSTOR 

ENERGY  COMSFFF.'VATION  INVESTMENT  PF'DGRAM  i'ECIR)  LCCID  FY?5  (92) 

TKjqxAi  !  AT  I  ON  LOCATION;  FORT  LEONARD  WREGI(3N  NOS,  7  CENSUS;  2 

Project'  no.  S:  title;  930073-0017  cold  thermal  storage  analysis 

ISCAL  YEAR  .1996  DISCRETE  PORTION  NAME:  ECO  IH-2 


ANALYSIS  DATE; 


A — 1  —  >“■ !  .ON*.  -M I  ■  -  L  I  FE  W  y  E  AP-’i';  F'AE.—* AREij  E'  Y  ;  !  ,  ,  GF^aNT 


1,  INVESTMENT 

A.  CONSTF;UCTION  COST 

B.  SIGH 

C.  DESIGN  CUST 

D.  TOTAL  COST  (lA+lB+lC)  $  22514/7., 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT  « 

F.  PUBLIC  UTILITY  COMPANY  REBATE 

G.  TOTAL  INVESTMENT  (ID  - 


1920564  - 
143693. 
162215, 


1  tr  —  1  P  '1 


»; )  , 
O 


2231477  - 


2.  ENERGY  SAVINGS  (+)  /  COST  (-) 

DATE  OF  NISTIR  S5-3273-X  USED  i=^OR  DISCOUNT  FACTORb:  OCT  1994 
UNIT  COST  SAVINGS  ANNUAL  $ 

YR  ( 2  ) 


FUEL 


•S/  MWH(l) 


A-  ELECT  2 5, *00 
B,  DIST  $  ,00 

C  ,  RES  I D  •$  ,  00 

D,  NAT  G  s  ,00 

E,  COAL  •$  ,00 

P  ^  PPQ  •$  ,  00 

Hi.  demand  SAvIMiB? 
N-  TOTAL 


NuN  ENERGY 


QAv  T  i  “h  ! 


-210 » 

o, 

0  -I 
0  i. 

0  a 

C> 

-210 . 
r  nRT  i  \ 


SAVINGS (3) 

-5247. 
0  „ 
O » 
>  ) 

■  C) . 

^  c> . 

*  48317- 

$  43070  - 


D I SCGUN  T  D I SCGUNT  ED 
FACTOR ( 4 )  S AV I NGS ( 5 ) 


1 5  -  83 
1 9 , 1 6 
21.43 
1  8 3*-"^ 

1 8  w  6 

IS « 20 

1  4  H 


$ 

$ 

•$ 


.03317 

r-} 


ij 

fj 

7XB957 

635640 


A.  ANNUAL  RECURRING 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  (3A  X  3Ali 

B,  NON  RECURRING  SAVINGS(-t-)  /  C(jSTS(-) 

qAVING9("^^  YR 
ITEM  CGST(-)  OC 

( 1 )  (2  ) 


DI3CN1 
FACTR 
i  3  > 


D ISCOUNTED 
SAvIN03(-^)x 
CDST(-) (4 > 


d.  TOTAL  ^  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAV I  NGS  (  +  )  /  COST  (  -  )  ( 3A2-^-3Bd4  )  ^  O 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2.N3-!-3A+ ( 3B<dl/ ( YRS  ECONOMIC  LIFE))S  43070 

5.  SIMPLE  PAYBACK  PERIOD'  (lG/4) 

S  3  TOTAL  NE  I  ij  I -ritJuUN  I  EE^  'A9V I  Nl.iR  (  2r"'J5‘"^“  '.'w  } 

7.  SAVINGS  TO  INVESTMENT  RATIO  (SIR)==(6  /  1G)  = 

i'TP  i  PwOFFn  DOER  NKjT  QUALIFY) 


c=,i  pi  yp 


R ..  AD^7l.]STEI)  INTERNAL  RATE  OF  RETURN  (AIRR)^ 
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<1  ixi  u  Cl  ui  u.  0  IN  a 


LI 

FE  CYCLE 

COS' 

r  AN 

*"•  1  Y 

SIS 

SUMi'IAR 

y 

STUD 

Y  :  FL.I 

iSTOR 

9Mp:p0V 
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T I  DM 

I NV 

FSTMEMT  PRDGR 

AN 

{  ECIF- ) 

L_CC 

ID  .  F‘ 

9  5’,  ■;  o  • 

T  iMp 

TAL.L 

AT  I QN 

^  LGCAT 

I  ON 

ppip 

T  L 

EON^ 

^RD  NRE 

01 

■"ipj  f  jnR ,  '7 

CENSU 

Q  n  7 

FRO 

J  EOT 

NCi , 

TITLE: 

9  3  LI' 

073-' 

lOl 

COLD  T 

HEi 

RNAL  STORAG 

E  ANA 

LYSIS 

FIS 

CAL, 

YEAR 

1996 

DISCI 

PETE 

Pi! 

RT I  ( 

jN  mane 

:  j 

ECO  IH-3’ 

ANA 

U  ys  I 

3  OAT 

E  :  LIU ■■"'2 

1  —9!^' 

EC 

ONO 

T  r. 

LIFE  2 

YEARS  RREPA 

F<ED  B 

J ,  GRANT 

!„  INVE{9TMENT 

C  0  N  9  r  F<  i J  C  T  T  0  w  C  Q  ;3  T 
,  SIGH 

.  DESIGN  COST 


‘is 

$ 


7610S3 

S  ^  St 

92647 „ 


T  ( lA 

-J- 1  '9  f  - 1 

C ) 

9336 

56, 

ALUE 

DF  EX 

I  ST 

ING 

EQUIP 

NENT 

S 

ILITY 

CGNP 

ANY 

RE 

BATE 

$ 

Q  ^ 

ESTNE 

NT  (1 

D  - 

IE 

-  IF) 

$ 

938656, 

iVJNGS 

( ) 

/  C 

GST 

( - ) 

IF<  35 

—3273 

-X 

USE 

r>  pnp 

DISC 

;OUNT 

FACTORS 

OCT 

1994 

UiM  I T 

COST 

dpi  .1 

I  NGS 

ANNUA 

jL.  S 

DIP 

COUNT  D 

FUEL 


f/  HlAjH/YR(2)  SAVINGS  (3)  FACTOR  (4)  SAVINGS(5) 


A .  ELECT  T 
B-  DIST  $ 

C.  RES  ID  •* 

D.  NAT  G  * 

E .  COAL  i' 

F  .  F'PG  t 

M .  n  E  M  A  N  Ei  S  A  V I N  G  S 

N.  TOTAL 


V  I--,  ^  j  >>; ) 

»  OC> 
„  00 
« O’D 
» 00 
fifi 


*j  * 


C) .. 

It 

’■  >  , 
C) » 
0 

9  500  IT 


19„  16 
21,43 
iS «  30 
16 . 62 
IS  „  20 
1  4  SR 


■$ 

$ 


{) 

f) 

Q 

Q 

i) 

141360 

135338 


3,  NGN  ENERGY  BAVIMGS(-h)  /  CnST(-) 

A  «  ANNUAL  RECURR I NG  (  +  /  ) 

(1)  DISCOUNT  factor  (TABLE  A) 

DISCOUNTED  SAVIMG/CDST  (3A  X  3A1 

B  ,  NON  RECUF' R I  NG  SAY  I NGS  ( -i- )  /  COSTS  (  -  ) 

3  *A  U  r  j'"'}  R  r’’  i  ^  V  F'-! 
ITEM  CQST(--)  DC 

(1  ) 


14, SB 


l)  1  HL  -M  ! 
parTR 


(2) 


d-  TOTAL 

n ^  total  MON  ENERGY 


0 , 


DISCOUNTED 
SAVINGS  (-{“)/ 
COST ( - ) ( 4 ) 

0 , 


DISCDLiNTED  SAVINGS  ( -i- ) /UDS’i  (“)( 3A2-!-3Bd4  ) '3^  V 

4,  FIRST  YEAR  DOLLAR  SAVINGS  2N3-i“3A-‘H  ( 3Bd  1  /  (  YRS  ECGNONIC  LIFE))35  9121 

5,  SIMPLE  PAYBACK  PERIOD  Ui0/4) 

6,  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5-H3C) 


$  135338 


!r9Tp)  =  (A  /  10)  = 

A  O .  ’  i  i  R  T  E  D  I N 1  EI  R  N  A  L..  R  A  T  R.  0  F  P  E  "F  U  R  0  (  A I F’!  P  )  li 


7  ^  hAV  I  NGS  TO  I NVESTNEENT  RAT  I U 

(  I P  •<  i  P  R  G  J  E  C  T  DOES  N  □  T  ( J  U  A 1 F-  Y  ) 


1  4 
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LIFE  CYCLE  COST  ANALYSIS  SLlHiiARY  STUDY;?  FLNSTGR 

jTMPPgy  CGNSEP  vATIO^?  INVESTMENT  PROGRAM  (ECIF)  LCCID-  FY95  ( 92 ) 

INSTALLATION  LOCATION  5  FORT  LEONARD  WREGIGN  NGS .  7  CENSUS;;  2 

PpnA^CT  NO  TI  TLE”,  s  9T(Y')73“"’’*->0 17  COL.T-  THE.KMA<L  STuRAGE  ANAL. Y Si S 

pTQPiTiL.  YEAR  i99S  DISCRETE  PORTION  NAME:*  ECU  II-P-4 
ANALYSIS  DATEn  0B--21--95  ECGNUMIC  LIFE  20  YEARS  PREPARED  BY  ^  T 


I  j  ^  ^  ^ '  r“'  r  ^*1  1 


i INVEISTMEMT 
A.  CONSTRUCTION  COST 
B-  SIDH 

C.  DESIGN  COST 

D.  TOTAL  COST  (lA+lB+iC) 

E.  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT  * 
PUBLIC  UTILITY  COMPANY  REBATE 


•$ 


972958 . 
96469 . 

1 174666 


G.  TOTAL  INVESTMENT  (ID  -  IE  -  IF) 


$  11746.66, 


2.  ENERGY  SAVINGS  (  +  )  /'  COST  (  — ) 

DATE  OF  N I  STIR  S5-3273-X  USED  FDR  DISCOUNT  FACTORS  OCT  1994 


ri 


UNIT  COST 
$  /  M14H  ( 1 ) 


SAVINGS 
hNH/YF<  ( 2 ) 


ANNUAL  $ 
SAV I NGS ( 3 ) 


DISC  0  U  N  T  D ;[  S  C  Q  U T  E  D 
F“AC“rOR  (  4  )  SAV  I  NGS  (  5 ) 


A,  ELECT  $ 

B.  DIST  ^ 
C«  RESID  $ 
D-  NAT  G  $ 
E -  CGAL  ^ 


F.  PPG 


25 , 00 
« 00 
.  00 
.  00 
« 00 
,  00 


. 

0 . 


-s.a  1  p 


<fc 


M,  DEMAND  SAVINGS 


$ 


0 . 
o 

1;’)  ^ 

Q  . 

49317. 


1 5 . 88 
1 9  « 1 6 
21.43 
IS.  30 
16 . 62 
18.20 
14. 8S 


'86061 


•$ 


roTc 


Ai... 


0- 

718957. 
632996 . 


3-  NON  ENERGY  SAVINGS’ /  CCST(-) 


A « 


^jMMMAL  RECURR I NG  (  h-/ -  ) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVIMG/COST  ( 3A  X  3A1 ) 


14.08 


NON  RECURRING  SAVINGS  (4-)  /  COSTS  (-•) 

QpjW  v  NGS  ( -j- )  YR 


ITEM 


( 


QC 
( 2  ) 


DI SCNT 
•*“  A  L-  Ft 

i  3 ’t 


D I SCGUNTED 
SAV  I  NGS  (  )  / 

COST ( - ) ( 4 ) 


KJ  , 


d.  TOTAL  S 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAV  I  NGS  ( -i- ) /COST  (  -  )  (  3A2+3Bd4  )  $  V. 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2N3+3A+ (  3Bd  1/ ( YRS  ECONOMIC  LIFE))« 

5.  SIMF'LE  PAYBACK  PERI  DD  '  ( lG/4 )  27.38  YEfAF’:'c 

6.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5-i-3C)  6.32896. 

(SIR)=(6  /  iG)= 


7.  SAVINGS  TO  INVESTMENT  RATIO 

(IF  <  1  PROJECT  DOES  NOT  QUALIFY) 


S.  ADJUSTED  INTERNAL  RATE  OF  RETURN  (AIRR): 


- .  1  4 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY;  FLWSTQR 

ENEF^GY  CONSEF' VATIQN  INVESTMENT  PF:OGRAM  (ECIF')  LCCID  FY95  (9 

INSTALLATION  &  LOCATION:  FORT  LEONARD  WREGION  N03=  7  CENSUS;  2 

PF'CITECT  MO.  Hit  TITLE:  930073-0017  COLD  THERMAL  STClRAGE  ANALYSIS 
FISCAL  YEAR  1996  DISCRETE  PORTION  NAME:  ECQ^IH-:5 

AMAi  YSIS  E>ATE;  :  OS  “2 1-9  5  ECONOMIC  LIFE  20  YEARS  PREPARED  BY;  T.  J .  bP 


INVESTMENT 

CDNSTFTUCT  ION  COST  '5  877121. 

SI  OH  •£  91275. 

DESIGN  COST  •$ 

TOTAL  C 0 ST  (1 A  -f- 1 B  1 C  '}■  $  1 0 6 7 9 6  -y  . 

SALVAGE  VALUE  OF  EXISTING  EQUIPMENT  $ 
PUBLIC  UTILITY  COMPANY  REBATE 
TOTAL  INVESTMENT  (ID  -  IE  -  IF) 


■$  10679S9. 


ENERGY  SAVINGS  (+)  /  COST  (-) 

TS  pF"  NISTIR  S5— 3273-X  USED  FOR  E>ISCOUNT  FACTORS  UCT  1994 
UNIT  COST  savings  ANNUAL  $  DISCOUNT 

Pi  ip;  ■$/  MWH  ( 1 )  MWH/Y'R(2)  SAVINGG(3)  F'A!C!UF;(4 


D I SCOUNT  D I SC0UN1 
FACTOR ( 4 )  SA V I NGS ; 


A.  ELECT  ■£  25.00 

B.  E)IST  $  .00 

C.  RES ID  $  .00 

D.  NAT  G  $  .00 

E.  COAL  $  .00 

F .  PPG  .  00 

M.  DEMAND  SAVINGS 

N.  TOTAL 


4931" 


15.98 

19.16 

21.43 

18.30 

16.62 


•K  ',‘'2.  T  D  . 


['40  pi  he  Ni  lE!  H  whVv' .i  i'''4(ciw  (  “P  )  /  r  I.  ■ 


A,  ANNUAL  RECURRING  (+/-) 

( 1 )  D I SCGUNT  factor  ( TABLE  A ) 

(2)  DISCOUNTED  SAVING/COST  ( 3A  X  3A1 ) 


14.89 


B.  NON  RECURRING  SAVINGS(-f-)  /  COSTS! -) 

SAVINSS(+)  YR  DISCNT 
ITEM  COST(-)  OC  FACTR 


D I SCDUNTED 
SAVIMeS(+)/ 
COST ( - ) ( 4 ) 


d.  TOTAL  ■£  0. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAV INGS ( + ) /COST ( - ) ( 3A2+3Bd4 ) S 
FIRST  YEAR  DOLLAR  SAVINGS  2N3+3A+ ( 3Bdl./ ( YRS  ECONOMIC  LIFE))^S 
B I M  P  L  E  F'  A  Y  B  A  C  K  P  E  R;  I Q  E>  ( 1 G  /  -4  ) 

TOTAL  NET  DISCOUNTED  SAVINGS  (2M5-^3C)  - 

SAVINGS  TO  INVESTMENT  RATIO  (SIR;  =  (6  /  IG)^^' 

(IF  1  PROJECT  DOES  NOT  GHJALIFY) 


T  MT tc  P M .D. I  PA  T P  n P  RP  T M P/ j'  i 
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LU  LL  CD  Ci 


LIFE  CYCLE  COST  ANALYSIS  SUHMARY 


ENERG' 

I N 

STALLATL 

F  F- 

00 EOT  NO 

FI 

SCAL  YEA: 

AN 

Ai  YSIS  D 

STl.JDV  2  PI«*-'-iGTuK 
LCCID  •  FV95  (92) 


93,:;i073-00i7  COLD  THERMAL  STORAGE  ANALYSIS 
D 1 3  C  R  E  T  E  R  0  R;  T 1 0  M  N  A  M  E  El  C  G  I T  ~  i 


ECONOMIC  LIFE  20  YSARfi  ^'RERARED  BY;  T»  J.  bKAN ; 


,1  ,  INVESTMENT 

A.  CONSTRUCTION  COST  $ 

B.  SI OH  T 

C.  DESIGN  COST  $ 

D.  TOTAL  COST  ( lA-f-lB-i-iC )  s 
SALVAGE  VALUE  OF  EXISTING  EQUIPMENT  $ 

.  PUBLIC  UTILITY  COMPANY  REBATE  £ 

,  TOTAL  INVESTMENT  (ID  -  IE  -  IF) 


400315 . 

7Q97x!. , 

536349 , 


'■J  * 


,  ENERGY  SAVINGS  (“H)  /  uOST  (-) 


FUEL 


UNIT  COST 
15/  NWH(l) 


H 


El-ECT 

B.  DIST  ^ 

C,  RES ID  S 

D,  NAT  G  ^ 

E .  COAL  ^ 

F  -  PPU  T? 

>  DEZNANU  oH  v  i  NUS 
N„  TOTAL 

NGN  ENERGY  SAV I NGS  ( 


«  00 
•  00 
-  00 
.  ,00 
»”>o 


SAVINGS 
NNH/ YR ( 2 ) 

11 , 

0  n 
0  » 

0  , 

0  - 


11 , 


ANNUAL  $ 
SAVINGS(3) 


■i'tJ 

% 


t  >  , 
i'i 


»: ) . 


V  , 

14918 . 
1 5200 « 


OCT  1994 
n  ■[  c-p  pi  tK]T 

DI 

SCUUNTED 

FACTOR ( 4 ) 

SA 

V I NGS ( 5 ) 

1 5 .  SB 

4472, 

19  =  16 

0  u 

21,43 

0 , 

1  0  3r> 

f")  ^ 

16 , 62 

15 

0 , 

1  U  a  L  ^ 

15 

0, 

14  =  S9 

S 

2264  52 : 


.  /  PORT 


A  .  ANNUAL  RECURR I  MB  ( -(••/-  ) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/COST  ( 3A . X  3A1 ; 

B,  NON  RECURRING  SAVTNG3(“i-)  /  COSTS  (  - ) 


14,  SS 


T  TF)>i 


SAVINGS  { ) 
COST ( - ) 

(  i  ) 


VR  DISCN'i 
GC  FACTR 
:2)  (3) 


D I SCOUNTEU 
SAVINGS  ( )  / 
COST ( - ) ( 4 ) 

0 , 


d-  TOTAL  ^  O. 

0,  TOTAL  NON  ENERGY  DISCOUNTED  SAV  I  NGS  ( -^- ) /COST  (  -  )  ( 3A2+3Ed4  )  $ 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2N3+3A4- ( 3Bd  1  /  ( YRS  ECONOMIC  LIFE))«  15200, 
5  ,  SI M R L E  F' A Y B Ai C I”- •.  i**' E R I U u '  1 1 B / 4  ) 

A  TQTAI^  NET  DISCOUNTED  SAVINGS  (2N5'i"3C) 

7,.  SAVINGS  TO  INVESTMENT  RATIO  (SIR)  =  (6  /  1G)  = 


rr  c",  “3  -Q 


^  T  p*  •:!  '!  F’pM  111  EC T  DC-1; 


r  i.;-LJ.AL  .1 F  V  } 

;  np  RETUF:/-!  (  A I RR  )  j! 
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1  “i  1^'  (~i  I 


LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDY ;■ FLMSTGP 

ENERGY  CDNSERVATIQM  INVES'!‘MENT  PRuGRAN  (ECTP)  LCCID  FY95  (92) 

r MRTAI  .LAT IQN  LOCATIONS  FORT  LEONARD  WREGIGN  NGS«  7  CENSUS;;  2 
PRO:!-!":"!  MO»  ^  TITLE  ;t  930073“-'00i7  COLD  THERMAL.  3TDF\A0£  ANALYSIS 
piSrA'..  YEAR  1996  DISCRETE  PORTION  NAME-  ECO  IT-2 
ANALvSIS  DATES  OB-21-95  EDDNOMIC  LIFE  20  YEARS  PREPARED  BY;  T. 

1 ,  INOE3TMENT 

A,  CONSTRUCTION  COST  $  500510. 

SIGH  '5  705^3, 

cl  DESIGN  COST  76956 « 

D-  TOTAL  COST  (lA+lB^lC)  $  64S009.- 

e1  salvage  value  OF  EXISTING  EQUIPMENT  $ 

F  .  F\  U^.L  I C  UT I L I T Y  COMPANY  REBATE 
G.  TOTAL  INVESTMENT  (ID 


-  1  r 


1  F ) 


0. 


643009. 


2  .  ENERGY  S AV I NGS  ( -f- )  /  COST  (  -  ) 


DATE  f 

jF  NIST 

IR  83-32 

-X  USED  FOR  E>ISuOUNT  FA 

.y 

JRS 

DC 

::T  1' 

?94 

UNTED 

UNIT  CO 

ST 

SAVINGS 

ANNUAL 

5 

D 

[  9c  ni 

JNT 

DIS 

CO 

FI 

JEL 

MNH( 

1  ) 

r1NH/YR(2 

SAVINGS 

i 

■> 

FACTO 

9  ( 4 ) 

SAV 

IN 

b  S  ( 'r* } 

A 

ELECT 

2  5 . 00 

‘  74 , 

$  IS 

53 

, 

1 5 

oB 

•il 

29426 

B 

DIST 

s  „  •;  >»  > 

1  >  ^ 

C) 

19 

,  IS 

T) 

f- 

pp q  T  n 

'ii  \  ?( i 

0 . 

0 

21 

4  3- 

ft 

D 

.  NAT  G 

^  .  C>0 

0. 

•Tt 

o 

IS 

30 

0 

c 

s.... 

.  COAL 

$  .00 

0 . 

* 

0 

16 

$ 

/> 

PPQ 

i)  ^ 

}“} 

IB 

.  20 

*?} 

i) 

M 

.  DEMAN 

I)  SAVING 

Q 

S  181 

10 

14 

•  SS 

69477 

N 

,  TOTAL 

74. 

•$  199 

b  -.I’* 

2 

98903 

3.  NO 

N  ENERG 

Y  SAVING 

s  ( 

)  /  COST  (  -  ) 

ANNUAL 

RPPl  JPPT 

MG 

(I-/-) 

$ 

0 

( 1  )  D 

I SCGUNT 

FA 

CTQR  ( TABLE 

A  } 

.  3S 

( 2 )  D 

IBCGUNTS 

:d 

SAVING/ COST 

(3A 

X  3A1) 

0 

B  s 

NON  RE 

CIJRR I  MG 

V I  NFh  ^  /  C 

GST 

Q  j'  —  \ 

SAV I Mb 

Q  i  -k 

)  YR 

1') 

T  pr* 

:nt 

DIG 

COUNT 

ED 

I TEM 

COST 

i  — ) 

DC 

F 

AF;  1 

■R 

SAV 

I  NGS  ( 

4-) 

/ 

( 

i ) 

( 2 ) 

5  _•*.  'j 

COS 

1"  (  “  )  ( 

4 ) 

d 

.  TOTAL 

$ 

0 « 

C 

f- 

TOTAL 

NON  ENERGY 

'  DISCOUNTED 

SAV 

I  NGS (  + ) / 

CO 

ST  ( 

!  — ) 

1.  .J-.J-lx-. 

H-3Bd 

4)? 

i  } 

4.  FI 

RST  YEP 

iR  DOLLAF 

•'  s 

i  q  \j  T  K  j  0  3  2  H  3  3 

( 

3Bd i / ( YF 

(S 

ECC 

jNO 

MIC 

L I FE 

) 

i 

SIMPLE  PAYBA(.lK  PERIOD  (lb/4} 

6.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5-^-3C) 


ilA  VFF 


QCfpn 


B A^^^  I  NGS  TO  I N VE  STMEMT  RATIO 
Li!  F  <  1  PR ( j  J  E C T  D ( J E S  HO  T  G U A L ![  F Y 


p  A'^:''.IN:-;TC',  0  IMTE:F'NAL 


(SIR)=(6  /  iG)= 

::ATE  CF  RETURN  (AIRR):: 
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LIFE  CYCLE  C03T  ANALYSIS  SUMMARY 
ENERGY  CONSERVATION  INVESTMENT  F-'ROGRAM  fbUl?) 
jTAF-LATION  ■?<  LOCATION:  FORT  LEONARD  WREGION  NG3„ 
‘lERT  NO «  &■  TITLE;  930073~'C'’0.l7  ClJLL’  I  Hi-R‘''iHL.  b  ! 'JR 
^CAi  YEAR  .i'996  DISCRETE  PORTION  NAME;  ECO  IT~3 
M  VSIS  DATE;  08--21-95  ECONOMIC  LIFE  20  YEARS  R'RE 


STUDY;  FLWSTOR 
LCC I D  FW™;  ( '* 
7  CEIMSIJS 2 

"*f  i'"  i  I  ■'./  C:  ■;  C: 

EF’ARED  BY  T2  J  .  GF 


1  . 

INVEST! 

. 

CONSTRi 

B. 

SI  OH 

C. 

DESIGN 

D- 

TOT  AL 

E, 

SALVAG 

F. 

PUBLIC 

G . 

TOTAL 

90423 , 


^  iO'4B431 


ENERGY  SAVINGS  (+)  /  COST  (-) 

rp  OF  NISTIR  S5-3273~X  USEE>  FDR  E>ISCUUNT  FACTORS  OCT  i9'-/4 
UNIT  COST  SAVINGS  ANNUAL  $  EYI'SCOUNT 

pi  |p|_  MWH  ( 1 )  MNH/ YR  ( 2  )  SAV I NGS  (  3  )  FACTOR  ( 4 


D I 3C0UNT  D I SCOUNT 
FAC  ■"OR  ( 4 )  SAV  I  NGS  ( 


A.  ELECT  f  25.00  9. 

B.  DIST  -i  ,00  0. 

0.  RES  IE!  %  .00  0. 

D.  NAT  G  $  .00  0, 

E .  COAL.  .  00  0 . 

F .  PPG  $  .  0C>  0 . 

M.  DEMAND  SAVINGS 

N.  TOTAL 

NON  ENERGY  SAV  I  MGS  ( ■+■ )  /  COST  ( ) 


48317 

4S552 


A.  ANNUAL  RECURRING  (+/--) 

(1)  DISCOUNT  FAC"!'rjR  (TABLE  A) 

(2)  DISCOUNTED  SAVING/CDST  (3A  X  3Ai ) 

B.  NON  RECURRING  SAVINGS- +)  /  COSTS(-) 

SAVIN63(-!-)  YR  DISC 
I T  E  M  C  0  3 1'  ( )  0  C  F  A  C ' 

f  1  !  (  2  )  i~S 


i 5 . SS  - 
19.16  s 
21.43  $ 

I’d  .  So 
16 . 6-2  '£ 
IS, 20  $ 

1  4  _  SP.  % 


DISCOUNTED 
SAV  I  NGS  (-i-)/ 
COST  i  )  i  4  ) 


d.  TOTAL  $  0, 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVINGS (+) /COST (-)( 3A2+3Bd4 ) $ 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2N3+3A+ ( 3Bdl/ ( YRS  ECONOMIC  LIF£))S 

5.  SIMPLE  PAYBACK  PERIOD  (lG/4) 

6.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5+3C)  - 


7.  SAVINGS  TO  INVESTMENT  RATIO 


Q  T  R  l  1=  (  S  /  1  R  I  : 


p.pn.'IPnT  nORS  NOT  O!  iAs  IFV  i 


GF  RETUF'N  (AIRR)d 
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Cl 


L'l'f-E  CYCLE  COST  ANALYSIS  SUMMARY  STUDY:  FLNSTOR 

EMEIRGY  CONSERVATIOM  INUESTME.NT  PROGRAM  (EClP)  LCCID  F-Y95  (92) 

NSTALLATIOM  .?<  LOCATION:  FORT  LEONARD  WREGION  NOS.  7  CENSUS:  2 
PQjECT  no,  &  TITLE:  930073-0017  COLD  THERMAL  STORAGE  ANALYSIS; 
pjArAL  YEAR  1996  DISCRETE  PORT  HON  NAME;  ECO  IT-4 

ftMA;_YSIS  T)ATE:  OB-21-95  ECONOMIC  LIFE  20  YEARS  F-'REPAFvED  ISY;  T.  J,  GRANT 


1,  INVESTMENT 
A,  CONSTRUCTION  COST 
5  *  SI  01  i 

C,  DESIGN  COST 
D  -  T  0  T  A !...  C  G  S  T  ( .1 A  -i- 1  Vs  -h  1 C  ) 


7EB799i  » 
S6433. 
94290 » 
968714, 


E  SALVAGE  VALUE  OF  EXISTING  EGHJIPNENT  S 


F,  PUBLIC  UTILITY  CGHPANY  REBATE 

G .  TOTAL  I NVESTMENT  ( ID 


-  1  P 


IF) 


$  963714, 


2,  ENERGY  SAVINGS  ( -^ )  / 


rnsT 


n4,T^  DF  NT  STIR  83“3273-X  USED  FOR  DISCOUNT  FAUTURS  GCT  1994 


FUEL 


UNIT  COST 
/  NNhl  ( 1  ) 


SAVINGS 

NNH/YR(2) 


j^lMMljAL  t 
SAVINGS (3) 


D I SCGUNT  D I SCGUN  FElL? 
FACTOR ( 4 )  SAV I NGS ( 5 ) 


H 


p|^  PGT  ’5 
DIST  -P 
C,  RESID 
D»  NAT  G  ^ 

E ,  COAL  $ 

F,  PPG  ^ 

N,  DEMAND  SAVINGS 
N,  TOTAL 


*  - 
.  oc> 
,  00 
,  O'O 
.  00 
.  00 


O  u 
0  * 
0 . 


42  . 


15 


1039 . 
0 . 
C>  i 
0  > 

c>  = 

43317. 
4  9  S'- 6  •• 


NON  ENERGY  EBAV I  M(jS  ( )  /  COST  (  —  ) 

A  ,  ANNUAL  RECXJRR I  MG  (  +  /  -  ) 

( 1 )  D I SCGUNT  FACTOR  ( TABLE  A ) 

( 2 )  D I SCDUNTED  SAV I NG / COST  ( 3 A  X  3A i ) 

B,  NQNI  RECURRING  SAV  I  NGS  {•^)  /  CGSTSf™) 

SAVINGS  ( “i" )  YR 
TTEM  COST ( - ) 

( 1 ) 


QC 

V  f 


D I  Sl.:r 
FACT? 
(3) 


15,  S3 
19,16 
21-43 
13,30 
16 , 62 
IS,  20 
14 ,  E39 


■5 

$ 


16506 

0 

ij 

Q 

0 

0 

713957 

735463 


14,88 


IT 


DISCOUNTED 
SAVINGS(4-)/ 
COST ( - ) ( 4 ) 


d -  TOTAL 

C,  TOTAL  NON  ENERGY 


'j . 


L>’i  SrnUNTED  SA'v' I  NGS  ( -i- )  /  CuST  (  — )  (  3A2+3Bd4  )  J; 

4.  FIRST  YEAR  .DOLLAR  SAVINGS  2N3+3A-f- ( 3Bdi./ ( YRS  ECONOMIC  LIFE))S  49:^5* 

5-  SIMPLE  PAYBACK  PERIOD  (10/4)  19,63 

6-  TOTAL  HET  DISCOUNTED  SAVINGS  (2N5-^3C)  ^ 


S A V I N \3 S  TO  IN 3' E E T M E M T 


K  {  J 
K)r‘iT 


( S I R )  =  (  6  ■■  1 G  )  = 


I  Pi' I  iATRR'i 
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LIFE  CYCLE  COST  ANALYSIS  SUMMARY  STUDYj  FLWSTOI 

ENEF^GY  CQNSERVATICN  INVESTMENT  PROGRAM  (ECIP)  LCCID  FY9S 

installation  LOCATION;  FORT  LEONARD  WREGION  NOS.  7  CENSUS;  2 
ppn.ir-rj  NG.  TITL.E:  930’I)72;-C’017  COLD  THEIRMAL  STORAGE  ANAL.'/SIS 
p  T  QP'Ai  vpAP!  1  RR'S  C^  I  STCRE TE  POFLTIUN  NAME;  Eu*u  I  '  '“L= 

ANArYRIs"DATE:  "'09-21-95  "eCONDMIC  LIFE  20  YEARS  PREPARED  BY;  T,  J.  ^ 


1.  INVESTMENT 

a!  CONSTRUCTION  COST  £■  599942. 

B.  SI OH  S  76076. 

C.  DESIGN  COST  ■$  S2992 . 

D.  TOTAL  COST  ( iA-f-iB+iC )  $  /5v010. 

e!  SALVAGE  VALUE  OF  EXISTING  EQUIPMENT  *  0. 

F.  PUBLIC  UTILITY  COMPANY  REBATE  «  0. 

G.  TOTAL  INVESTMENT  (ID  -  IE  -  IF)  *  759': 

2.  ENERGY  SAVINGS  (  +  )  /  CQ:ST  (-) 

DATE  OF  NISTIR  S5-3273-X  USED  FOR  DISCOUNT  FACTORS  OCT  1994 


ANNUAL  S 
SAVINGS: : 


UNIT  COST  SAVINGS 
FUEL  MWH ( 1 )  MWH/YP(2) 

A.  ELECT  *  25.00  50. 

3 .  D I  ST  ■$  .  00  O , 

C.  RES  ID  -S  .00  0„ 

13.  NhiT  Ij  3  O’"-*  *..*  ■ 

£,  COAL  .00  0. 

P  PPi"^  ^  ,  0C>  0 

M.  EiEMAND  SAVINGS 

N.  TOTAL  50. 

7;  „  NON  ENEFiG  SaV  .1  Nt’j^:  ( ~r  )  /  LUG  i  (  — ) 


A  .  ANNUAL.  RECUFLR I  NG  ( +  /  - ) 

(1)  DISCOUNT  FACTOR  (TABLE  A) 

( 2 )  D I S C O U N T E D  S A V I N G / C 0 ST  (3 A  X  3 A 1 

B.  NON  RECURRING  SAVINGS (-S-)  /  COSTS(-) 

SAVINGS ( + )  YR 
ITEM  COST(--)  OC 

Mi  ( 2  i 


D I SCOUNT  D I  SCGlJi 

F  ACTCp:;  (  4  )  SAV  I  NG; 

15.38  ■*  1' 

19.16  t' 

21 . 43'  $ 

1  P  3>:')  S 


SCGIJN'^ED 
I  NGR  <  5 "! 


14.88 


O  s 

718957. 

“7-aPPI  1 


)  I SCNT 

rArTP 


DISCOUNTED 
SAVINBS(“H)/ 
COST  ( )  (  4  ) 


d.  TuTAL  O. 

C.  TOTAL  NON  ENERGY  DISCOUNTED  SAVI NGS  (  +  ) /COST  (  - )  ( 3A2+33d4  )  f> 

4.  FIRST  YEAR  DOLLAR  SAVINGS  2N3>-3A  ■!- (  3Bd  1/ (  YRS  ECONOMIC  LIFE))*  49 
5  .  SI M P L E  P A V B A C r";  P E R I U D  ( 1 G .7' 4  )  ^  " 

6.  TOTAL  NET  DISCOUNTED  SAVINGS  (2N5-H3C)  ^ 

7.  SAVINGS  TO  IMVESTNENT  RAT  ID  (SIR)  =  (6  /  IG)-"  -9^ 

(IF  <"  1  PROJECT  DDES  NOT  QUALIF'V) 


[QTPr;  T  M'VF’ 


nr"  kE  V 
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